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Abstract 
Increased awareness of climate change has prompted many large organizations to investigate 
their carbon footprint. The goal of this project was to establish a campus-wide carbon emissions 
baseline for Ciudad del Saber in Panama City, Panama. Through research, data collection, and 
collaboration with the staff of Ciudad del Saber, the team was able to gather information to 
establish a carbon emissions baseline. Using this information, the project team then provided 
several recommendations to reduce carbon emissions in the future.  
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Executive Summary 
 
 The ever-increasing evidence of the dangers of climate change as well as a growing 
demand for humanity to collectively take action to stop climate change has prompted many large 
organizations to begin to monitor their carbon footprint. Ciudad del Saber, or the City of 
Knowledge, in Panama City, Panama aims to join the ranks of these organizations by 
establishing a carbon emissions baseline for their campus. They hope this baseline will act as a 
starting point to reducing their carbon footprint, paving the way towards a more sustainable 
campus.  
 Ciudad del Saber is a sprawling community of 200 buildings spanning over almost 300 
acres located minutes from the famous Miraflores Locks of the Panama Canal. It was established 
in 1995 when the Republic of Panama was given control of the Panama Canal and the 
surrounding area by the United States. Its goal was to provide a space for businesses, students, 
teachers, and professionals to learn, exchange knowledge, and improve. To help foster this 
spread of knowledge, the campus offers numerous resources to its community, such as 
workshops, presentations from leaders in a variety of fields, expert business counseling, and 
more. The campus plays host to offices, schools, residential areas, and green spaces, making it 
truly a community for all. 
As the home for such a vast array of knowledge, it is only natural that Ciudad del Saber 
itself is smart in its own right. Its Master Plan establishes that all changes to the campus must be 
met with careful consideration to members of the community as well as the environment. 
Furthermore, with multiple LEED certifications, facilities at Ciudad del Saber are designed and 
built with innovation and sustainability in mind. This puts Ciudad del Saber at the forefront of 
sustainability efforts in Panama. To continue to improve their sustainability efforts, Ciudad del 
Saber sought to establish a carbon emissions baseline for their facilities and campus, so that 
issues could be addressed and progress could be tracked in the future. 
The primary goal of this project was to collect and analyze data from Ciudad del Saber to 
establish a carbon emissions baseline for the campus. The secondary goal of the project was to 
use the carbon emissions baseline as well as information collected while gathering data to 
provide recommendations to the campus to reduce future emissions and increase overall 
efficiency. The carbon emissions baseline should provide a starting point for the campus to learn 
its main points of emissions to improve on. It also provides a starting point to expanding the 
emissions baseline to the entire campus. This is because many records, such as electricity use, 
paper use, and water use, are incomplete for a variety of reasons. In the future, Ciudad del Saber 
hopes to collect more extensive information to further complete the baseline. However, this 
baseline provides a starting estimate. Recommendations for future improvements include ways 
the campus can change to improve sustainability, such as the use of renewable resources, 
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improving their recycling system, and starting a carpool program for employees as well as 
surrounding community members. 
This project completed its goals through a variety of methods. Primarily, the team used 
the  “Sustainability Indicator Management and Analysis Platform” (SIMAP), which was 
developed by the University of New Hampshire (UNH). This online algorithm uses data 
collected from a variety of scopes to produce a yearly carbon emissions reading. Through the 
generosity of the Fundación Ciudad del Saber (FCDS), our team was able to purchase the Tier 1 
package of the SIMAP algorithm. Our team then used the algorithm for the duration of the 
project to collect and analyze carbon emissions data. Our team also distributed a survey to 
employees of Ciudad del Saber to learn their commuting habits. Finally, our team conducted a 
field study of waste disposal methods on campus to learn how much waste was disposed of and 
recycled.  
SIMAP breaks down its carbon emissions indicators into three fields. These fields 
encapsulate three general sources of emissions. The first field encapsulates fuels and chemicals 
used on campus. The second field shows how electricity used on campus is generated. Finally, 
the third field examines resource use from people on campus. 
 
Scope 1 Scope 2  Scope 3  
● Stationary Fuels 
● Cogeneration Energy 
● Transportation Fuels 
● Fertilizer  
● Animals 
● Refrigerants/Chemicals 
● Utility Consumption  
● Renewable Energy
  
● Commuting  
● Business Travel 
● Student Travel  
● Food 
● Paper 
● Waste 
Table ES 1: Breakdown of scopes analyzed by SIMAP 
 
 Our team first needed to assess which aspects of SIMAP we could feasibly analyze in the 
seven week period of the project.  
Starting with Scope 1, the campus does not have stationary fuels or any forms of 
cogeneration energy. Moreover, they do not use fertilizers on their grasses or raise animals. On 
the other hand, they did have records of transportation fuels used by their bus and service vehicle 
fleet as well as records of refrigerants used at their chiller plant.  
For Scope 2, the campus is sent monthly electricity bills that break down electricity use. 
However, these records are limited to buildings and spaces managed by Ciudad del Saber, since 
companies that occupy subleased building space manage their own electricity. Ciudad del Saber 
does hope to collect electricity data in the future, so the team provided a starting point by 
recording electricity use in CdS-managed buildings. Ciudad del Saber did not currently have any 
sources of on-campus renewable energy, so that was left out of the analysis. 
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Scope 3 had many points that couldn’t be analyzed. Since schools on campus aren’t 
directly managed by Ciudad del Saber and there are so many students, it was deemed impractical 
to track student travel. Additionally, since there were so many restaurants on campus, 
particularly in the Plaza, it was deemed impossible to track all food consumption for the campus. 
On the other hand, commuting data could be found through surveying employees, waste could be 
found through a field study, and Ciudad del Saber had records of business travel and paper use. 
From there, the team needed to undertake several methods of collecting information. Data 
collection was accomplished through analyzing Ciudad del Saber records, surveying employees, 
and conducting campus-wide field studies.  
 
Information Needed Method 
Transportation Fuels CdS Records 
Refrigerants CdS Records 
Utility Consumption CdS Records 
Electricity Generation Panama Contact with Secretary of Energy 
Commuting Transportation Survey 
Business Travel CdS Records 
Waste Campus-Wide Field Study 
Paper Use CdS Records 
Table ES 2: Breakdown of Methods of Data Collection 
 
 Most information collected was through records provided by Ciudad del Saber. However, 
some information was not available, so our team had to use alternate methods of data collection. 
One interesting issue arose when the team was entering electricity data into SIMAP. Since 
SIMAP is primarily geared towards customers and campuses in the United States, information on 
how electricity was generated in Panama was unavailable. Moreover, electricity generation in the 
United States is tracked through the US EPA’s Emissions & Generation Resource Integrated 
Database (eGRID). This system does not exist in Panama, so obtaining exactly how electricity 
was generated was difficult. Our team contacted the Secretary of Energy of Panama to learn how 
electricity was generated. We were provided with a breakdown of electricity generation for the 
country. Our team then entered this data into SIMAP’s custom fuel mix section to achieve a 
reasonable method of electricity generation.  
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Figure ES 1: Electricity Matrix for Panama 
 
 From there, our team had to use alternative methods of data collection to learn about 
employee transportation habits as well as waste disposal on campus. 
 To collect commuter information, our team distributed a survey to 165 Ciudad del Saber 
employees. This survey enquired about their means of transportation, how far they drive to work 
every day, whether they carpool, and whether they use the campus bus system. Through the 
course of the project, we received 34 responses. We then extrapolated these responses to apply to 
all employees and entered commuting data into SIMAP. We also used other questions in the 
survey to provide points of improvement to Ciudad del Saber.  
 To learn about waste disposal habits, our team toured the campus to measure the 
dimensions of dumpsters and other waste disposal bins. Using these dimensions, we found 
volumes of the bins. From there, we researched previous waste audits to find typical densities for 
trash disposed across campus. We found out how often each waste container was emptied by the 
trash company. Using this information, along with some assumptions on how full each container 
was upon collection, our team could estimate the total waste disposed across campus. When 
analyzing, the team also omitted waste containers not belonging to Ciudad del Saber managed 
buildings to keep waste disposal comparable to electricity consumption.  
 After data collection, the team arrived at a final carbon emissions baseline for the 
campus.  
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Figure ES 2: Final SIMAP results 
  
 Our team then analyzed the SIMAP results as well as information gathered during the 
data collection process to provide recommendations to Ciudad del Saber.  
First, our team recommended that Ciudad del Saber continue its carbon emissions record-
keeping using SIMAP. As the campus grows, it will undoubtedly change its methods, so 
progress must be accounted for. Additionally, the campus hopes to collect electricity data from 
subleased spaces in the future, so SIMAP records will only become more accurate and important 
in the future.   
The team also recommended installing a network of sensors to better isolate and track 
electricity and water use. Electricity sensors could help monitor spikes and trends in electricity 
use to realize when and where the most electricity is being used. Water sensors can prove equally 
important because Ciudad del Saber’s water provider does not include how much water is used 
on monthly water bills, so tracking water efficiency is impossible. Should the campus install 
water meters, they will be able to better track water use. 
To fulfill one of the campus’s main sustainability indicators, the team recommended 
researching and investing in renewable energy sources. Particularly, the team recommended 
using solar canopies, which are solar panels that are placed above parking lots. Solar energy is 
especially attractive for Ciudad del Saber for several reasons. First, sun intensity is strong, 
especially in the dry season. During the dry season, hydroelectric power, the main source of 
Panama’s electricity, becomes more difficult and expensive to generate. Also, solar canopies can 
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provide protection from the sun and rain to anyone who parks their cars in parking lots below 
them. 
Additionally, we recommended that they streamline the recycling process by providing a 
middle point between residents and the recycling center. Residents did not have a convenient 
method of recycling, and their only method of disposing waste was through “canastas” or cage-
like bins that are collected directly by the trash company and sent to landfill. On the other hand, 
the recycling center did not make enough money to feasibly travel across campus to collect 
recyclable waste. Therefore, our team recommended that Ciudad del Saber provide and collect 
recycling bins from residential areas that previously did not have access to convenient recycling 
bins.  
Finally, the team recommended that Ciudad del Saber use the transportation survey as a 
starting point for a carpool program. Carpooling was found to be rare among employees, but the 
potential to show its benefits is high. The campus already had a carpooling program planned for 
the upcoming years, so the team recommended they continue on this path.  
Through data collected from a variety of sources, our team was able to complete a carbon 
emissions baseline for Ciudad del Saber. While there is still work to be done on the baseline, 
Ciudad del Saber will be able to use this baseline to further improve sustainability on campus. 
Recommendations provided by our team will also guide and assist CdS in improving in the 
future.  
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Introduction 
  As humanity barrels forward and technology progresses, the environmental implications 
of technological advances have become a major issue. The change in global climate has been 
apparent since the mid-nineteenth century and is traced back to the increase of levels of carbon 
dioxide (CO2) in the atmosphere. It has become a major concern of governments and 
corporations worldwide to reduce CO2 emissions, waste, and resource use. Likewise, alarming 
statistics as well as heartbreaking images of our world suffering at the hands of humans have 
compelled many organizations to take action. 
 An increase in carbon dioxide levels can be explained by the greenhouse effect, where 
gases absorb the infrared radiation produced by the Earth which traps heat on Earth’s surface and 
increases atmospheric temperatures. Carbon dioxide is a gas that has greatly affected the increase 
in temperature, directly causing a raise in temperature of at least 7C (Lacis, 2017). Increased 
urbanization and development contribute to higher rates of emissions. As shown by statistics of 
the past hundred years, this has a severe impact on our earth’s climate. Thus, the need for carbon 
footprinting and more energy efficient technology has arisen.  
A Carbon Footprint is the measurement of carbon emissions of a person, building, or 
industry (Jelley, 2017). Tracking is done by examining resources used, and the carbon emissions 
produced by those resources. When tracking, the carbon emissions required to harvest, produce, 
and transport resources must be taken into account. Monitoring systems are important to 
continuously track carbon emissions in order to analyze the carbon footprint of businesses and 
individuals.  
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 In order to encourage the reduction of carbon emissions the U.S. Green Building Council 
offers a LEED Certification to buildings that meet specific environmental requirements. LEED, 
Leadership in Environmental Energy Design, revolves around six main categories: sustainable 
sites, water efficiency, energy and atmosphere, materials and resources, indoor environmental 
quality, and innovation in design (Cidell, 2009). With all of these factors in mind the buildings 
become more energy efficient which reduces the overall emission of greenhouse gases.  
 Ciudad del Saber in Panama City (hereafter ‘CdS’), Panama, has been a recipient of 
numerous LEED certifications in recent years, including Panama’s first LEED Platinum award 
for their dormitory building. This nearly 300 acre complex prides itself on providing a safe and 
effective location for students across the globe to collaborate and learn, all while advancing their 
effort to improve the efficiency of the community. These efforts include implementing 
improvements to their buildings, electricity, waste disposal, utilities and transportation services. 
Through these efforts, Ciudad del Saber has earned its place at the forefront of sustainability 
efforts in Panama. This is largely thanks to the Master Plan of Ciudad del Saber. Approved in 
2009, this plan acknowledges that the campus is a living entity that constantly seeks to improve 
itself. Students, businesses, and facilities constantly seek to innovate and adapt. Thus, these 
improvements must be met with careful consideration, and all changes must be organized and 
planned perfectly. the campus can strike a perfect balance in which the educational, recreational 
and cultural needs of people are met, while the valuable surrounding environment is protected. 
 As a result, the need for the careful tracking of carbon emissions on campus has become 
a major concern. In its effort to reduce its carbon footprint, Ciudad del Saber seeks an effective 
way to monitor and reduce emissions across campus. Our project team will be working with the 
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Fundación Ciudad del Saber (FCdS), and their Sustainability department, specifically, which 
aims to effectively monitor and reduce the carbon footprint on campus.  
The campus strives to reduce carbon emissions related to electrical power in buildings 
and facilities and automobiles of employees and students. Our team used an online platform to 
provide Ciudad del Saber with a baseline of carbon dioxide emissions on campus. Throughout 
the project, our team accomplished three main goals. Our team 1) collected data from Ciudad del 
Saber records, 2) analyzed the data using a computer algorithm to implement a carbon dioxide 
emission baseline for the campus, and 3) identified priority steps to be taken to reduce future 
emissions  
Through this project, Ciudad del Saber reaps several benefits. First, it will be able to 
measure emissions produced by buildings and employees over a fiscal year. Second, it will be 
able to document these sustainability milestones, and develop goals based on previous 
achievements. Third, Ciudad del Saber will utilize indicators to motivate staff towards future 
goals. This will help identify important measures to further reduce carbon emissions in the 
future. Furthermore, this project can help propel Ciudad del Saber towards their goal of reaching 
Global Reporting Initiative (GRI) standards for sustainability reporting. All of these goals had to 
be achieved without compromising any of the resources the facility has offered students and 
travelers. This will further pave the way for Ciudad del Saber to provide the perfect blend of 
education, recreation, and mindfulness towards the environment in the future, which will keep 
the campus at the forefront of sustainability efforts. As Ciudad del Saber looks towards the 
future, they hope to continue being a leader in sustainability across Central America. 
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Background 
Ciudad del Saber 
 Ciudad del Saber, also known as the City of Knowledge, is a sprawling community of 
200 buildings spanning over almost 300 acres. Located minutes from the famous Panama Canal 
as well as downtown Panama City, this campus has become home to an international community 
for students, professionals, and businesses to collaborate and grow. Since its foundation, the 
campus’s mission has been to promote knowledge, innovation and culture, all while being 
leaders in sustainability (“Campus”, 2015). 
Ciudad del Saber was established during the transfer of the Panama Canal and its 
surrounding areas from a military asset of the United States to a trade asset of the Republic of 
Panama during the 1990’s. Specifically, the Fundación Ciudad del Saber (FCdS), founded in 
1995, realized that some of the land that was previously meant for military use should be refitted 
into areas dedicated towards human development. Four years after, the FCdS received the use of 
Fort Clayton, the previous headquarters for the United States Army South. From there, the 
buildings of Fort Clayton were altered to better suit the needs of Ciudad del Saber (“The 
Foundation”, 2015).  
Since then, Ciudad del Saber has made immense strides in sustainability efforts. Many of 
the buildings are designed with the environment in mind, such as the Dormitories, which earned 
Panama’s first LEED Platinum certification for sustainability. This building is outfitted with 
numerous measures to maximize efficiency and sustainability, such as rainwater collection 
systems, windows that maximize natural lighting, and low-flow toilets. This complex is merely 
an example of the efforts practiced by Ciudad del Saber (Pearce, 2017). 
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Figure 1: Platinum LEED Certification Plaque located at the Dormitories 
 
 Aside from making improvements to their buildings and facilities, CdS has also set goals 
and indicators to address improving a culture of sustainability on campus. These have been 
broken down into three main pillars: Governance, Environmental Impact, and Community. Each 
pillar has accompanying focus areas, indicators, and measurable goals.  
 
Figure 2: CdS Pillars of sustainability indicators 
 
The first pillar, Governance, is mainly focused on improving transparency and awareness 
of sustainability programs on campus. FCdS aims to extend this transparency to employees, 
stakeholders, and the public. This way, all parties involved in CdS will be well-informed about 
the increasing sustainability efforts. The indicators they have set include the percentage of 
Governance Environmental 
Impact
Raise awareness of 
sustainability 
programs on campus 
Reduce waste, 
electricity, and 
water consumption 
Community 
Increase 
participation 
through outreach 
programs 
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employees and stakeholders that are aware of sustainability efforts on campus, as well as the 
number of visitors to the sustainability landing page on the CdS website.  
 The second pillar, Environmental Impact, has many goals to improve culture across 
campus and are categorized into eight areas of focus. The first area of focus, Responsible Waste 
Management, aims to directly reduce waste sent to landfills as well as train employees to better 
handle waste to maximize recycling. The second and third areas aim to reduce emissions by 
increasing focus on renewable energy while reducing overall electricity consumption. The fourth 
and fifth focus areas seek to reduce water consumption and CO2 emissions by monitoring each 
and striving to reduce both in the future. The sixth area of focus is to improve indoor and outdoor 
air quality by establishing baselines and improving on them. The seventh area aims to make 
more responsible purchases that focus on efficiency and environmental impact. Finally, the 
eighth area aims to reduce the campus’s impact on biodiversity by pursuing projects that 
preserve and restore biodiversity. 
 The third pillar, Community, aims to improve outreach with forums and workshops, 
manage social impact of CdS activities, and create a community participation plan. CdS plans to 
attract more participants to forums, select the ideal forum topic, invite the best speakers, and 
increase the amount of people who use the knowledge learned in forums. To manage social 
impact, CdS plans to seek socially responsible suppliers, as well as make more purchases with 
social impact in mind. Finally, they plan to create a community outreach program to better 
interact with the area surrounding the campus. 
A complete breakdown of Ciudad del Saber’s indicators and methods to achieve them 
can be found in Appendix A. 
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Aside from promoting a culture of sustainability, Ciudad del Saber also seeks to foster 
innovation, improvement, and the spread of knowledge. Therefore, they provide many services 
to client companies who join the CdS community. To encourage business growth, Ciudad del 
Saber provides consultation services such as workshops, presentations, and conferences. New 
businesses are given the opportunity to learn from experts working with Ciudad del Saber as well 
as within client companies. These services aim to encourage convergence, collective thinking, 
and synergy among participants. Ciudad del Saber also can renovate and alter buildings to suit 
the needs of client companies. This allows for the ideal work environment for every client. 
Additionally, every company who joins the CdS community reaps benefits like access to sports 
facilities, international exposure, and opportunities for professional development (“Spaces and 
Training”, 2018). 
Green Building 
Ciudad del Saber as a whole is an example of Green Building, a more modern design 
style of building meant to maximize efficiency, while reducing strain on the environment during 
the building process (“Green Building”, 2016). There has already been extensive development of 
green building technology done in the past. Cool roofing, for example, is a common solution to 
reducing the carbon footprint from buildings. Effective cool roofs can reflect up to 65% of solar 
energy, thereby reducing air conditioning use, lowering costs, and increasing comfort of 
inhabitants. Another common solution is using energy efficient windows. According to the 
Green Building Alliance, up to 30% of heat is lost through ineffective windows. This can take a 
substantial toll on the carbon footprint and expenses of a building. However, energy efficient 
windows can reduce a building’s carbon footprint substantially. They can reduce the amount of 
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heat leached out of the building, as well as reduce the amount of heat coming into a building. 
Likewise, the effective use of green windows can increase the amount of natural sunlight 
allowed into a building, further reducing electricity use. Sourcing materials is another important 
aspect of green building. Using recycled materials, supplies coming from an environmentally 
responsible company, and ensuring the shipping of materials is kept to a minimum are all 
effective methods. Another method of green building is ensuring that materials come from a 
sustainable source. Furthermore, even actions as simple as switching light bulbs to more energy 
efficient LED bulbs can contribute to green building (“Green Building”, 2016). 
An especially distinguished Green Building can qualify for a Leadership in Energy and 
Environmental Design (LEED) certification. LEED certified buildings source their materials 
sustainably, and provide high quality buildings that are safe for both the inhabitants and the 
environment. LEED certifications can be provided for commercial and residential properties as 
well as city and neighborhood development. LEED examines buildings for factors such as 
sustainable sourcing, sustainable development, building innovation, water, electricity, and heat 
efficiency. Buildings are judged individually, and given ratings ranging from LEED certification 
to the highly prestigious LEED Platinum.  
The United States Green Building Council (USGBC), who awards LEED certifications 
for individual buildings, has collaborated with Green Business Certification, Inc. (GBCI) to 
develop a software that measures and tracks citywide performances. LEED for Cities is a pilot 
certification program that allows for an entire city or community to be certified based on 
sustainability standards (“LEED for Cities”, 2018). Using the Arc software, a city will track the 
following categories: Energy, Waste, Water, Transportation, and Human Experience (“About 
Arc”, 2018). This pilot project allows cities to measure ongoing efforts as they strive to become 
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global leaders in sustainability. Still in the developmental stage, only six cities have received the 
certification so far. Ciudad del Saber has registered to be a part of the project in order to verify 
their sustainability efforts and continue to track and report their progress.  
Another leading organization is the Global Reporting Initiative (GRI). Founded in 1997, 
they quickly became the pioneers of sustainability reporting. Their mission is to “empower 
decisions that create social, environmental and economic benefits for everyone” (“About GRI”, 
2017). GRI created the global standards on how sustainability should be reported and is utilized 
by 250 of the largest corporations in the world. These standards give guidance on sustainability 
and encourage positive change. In Panama, companies do not currently follow the GRI Standards 
but it is a future goal of Ciudad del Saber to be able to report their sustainability efforts and be a 
member of the GRI community. Being a member in this community would allow for an 
advancement in sustainable development through accountability and transparency.  
The GRI does not evaluate companies’ sustainability efforts individually. Rather, it 
provides requirements, guidelines, and recommendations on how companies are to report their 
sustainability efforts. This is done through a modular guideline structure that allows companies 
to quickly change and add to reports without having to alter their entire GRI report. Since GRI 
has many requirements for reporting, Ciudad del Saber cannot currently apply themselves to GRI 
standards. CdS does not have complete enough records to be able to fulfill all the requirements 
of GRI reporting. Thus, they hope to be able to fulfill these requirements in the upcoming years 
(“Introducing the GRI Standards”, 2016). 
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Regulations 
  Panama has a set of goals and regulations meant to reduce the emissions set by 
Resolution 7 of the United Nations Environment Assembly (UNEA). Their PM10 and Ozone 
evaluations meet World Health Organization (WHO) standards, but their SO2 and NO2 
evaluations do not. In recent years, air pollution has increased, especially in urban areas. The 
Panamanian government has set regulations and goals for buildings in Panama. The World Bank 
1998 Guidelines outline maximum emission limits for fixed structures (“Air Quality Policies”, 
2015). The nation has also set goals to increase their use of renewable energy into the future, 
which will further reduce emissions from buildings. Panama has the highest per-capita car 
ownership in Central America, but has poor road infrastructure. Thus, roads become congested 
and result in higher emissions from cars. Furthermore, there are no emission limits put in place 
for vehicles, so it is likely that many inefficient and hazardous cars are driving on Panama’s 
roadways (“Air Quality Policies”, 2015).  
Climate Change 
 Climate change results largely from an increase in human activity and world 
development. Throughout the 1900’s when widespread development was occurring, the 
anthropogenic greenhouse gas (GHG) emissions were at an all-time high. The greenhouse gases 
that have the largest impact on the environment include: Carbon Dioxide, Methane, Nitrous 
Oxide, and Chlorofluorocarbons (De Klein, Pinares-Patino & Waghorn, 2008). These gases 
cause heat to be trapped at Earth’s surface, raising the temperature. This is known as the 
greenhouse effect. As seen in the graph below, there has been a drastic increase in the total GHG 
emissions in previous decades. 
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Figure 3: GHG emissions produced from human activity between the years 1970-2010, 
Intergovernmental Panel on Climate Change, 2015 
 
 Due to increasing concentrations of greenhouse gases, there are some evident long term 
effects such as increased air and ocean temperatures, changes in weather patterns, and changes in 
crop growth (Shaftel, 2018). While these all will have a global impact, the warming of the 
oceans will greatly affect Panama in the near future if no effort is made for change. Rising sea 
levels have already been recognized as an issue in the San Blas archipelago of Panama. This 
grouping of tiny Caribbean islands provide homes to indigenous Panamanian Kuna peoples. 
These islands are particularly vulnerable to rising ocean levels because of their miniscule size, 
isolation from surrounding areas, limited natural resources, and poor living conditions for natives 
(Nurse et al., 2001). The predicted rise in ocean levels will likely jeopardize natives’ ways of 
life, namely fishing, agriculture, and tourism (Sousa & Susana, 2011). To manage this problem, 
awareness of global warming and its associated risks must be raised across the world, and 
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countermeasures must be taken. However, natives will still need to relocate to the mainland as 
their homes become uninhabitable. 
In order to mitigate GHG emissions, Panama is working with seven other countries under 
the Independent Association of Latin America and the Caribbean (AILAC, La Asociación 
Independiente de América Latina y el Caribe). Trying to match the national policy on climate 
change and the implementation of Nationally Determined Contributions (NDC), AILAC is 
collaborating with the United Nations Framework Convention on Climate Change (UNFCCC) in 
order to contribute to climate change nationally and globally (Edwards et al., 2017). Based on 
previous work from UNFCCC, the Paris Agreement was formed in December, 2015. This was 
created in the effort to “combat climate change and to accelerate and intensify the actions and 
investments needed for a sustainable low carbon future” (Rogelj et al., 2016). This agreement 
has initiated a global response to the issue of climate change and has spurred a reaction to limit 
the increase in temperatures.  
Panama has submitted its own NDC in order to promote sustainable development and 
lower their impact on climate change. The NDC was based on the country’s historical GHG 
emissions as well as national circumstances. The summary of mitigation for climate change and 
sustainability development goals in Panama are listed in Appendix B. Each country that is a 
member of the Paris Agreement has submitted an NDC for their country based on future goals 
they have to reduce their impact. Based on each countries goals, the temperature is still estimated 
to increase 3.3℃ by 2100 (“Climate Scoreboard”, 2018). Figure 4 demonstrates the track of 
GHG emissions based on different scenarios. If no changes are made, then the temperature is 
going to continue to steadily rise. With the national plans in place there will still be an increase 
in temperature over the next decades. Finally, in order to meet the main goal of the Paris 
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Agreement of a less than 2℃ increase, it would require a “Ratchet Success” program to be 
followed globally. This program would require countries to decrease their GHG emissions by 
80% by the year 2050, this would call for drastic changes in the NDC plans.  
Figure 4: Estimated Global Greenhouse Gas Emissions from 2000-2100, “Climate 
Scoreboard”, 2017 
 
Carbon Emissions 
 On an industrial and individual scale, pollution in the environment has been a well-
documented issue. Rising populations and urbanization contributes to increases in carbon 
emissions through the elevated need for electricity, transportation, and industry (US EPA, 2016). 
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Nations across the globe are focusing on initiatives to reduce carbon emissions while still being 
cost efficient. 
 Panama in particular has several unique sustainability issues. The world-famous Panama 
Canal is a massive revenue source and site for urban development. However, the ships that pass 
through the canal produce considerable amounts of greenhouse gases. Steps have been taken in 
order to limit this large source of carbon emissions. In an attempt to control this pollution, a tax 
has been placed on ships traveling through the canal that do not comply with the International 
Maritime Organization standards for exhaust rates (Carr & Corbett, 2015). Panama has also 
taken an active role in reducing emissions within their agricultural sector by joining Forest 
Carbon Partnership Facility of the World Bank, which is an organization that supplies funds for 
developing countries who are actively trying to reduce carbon emissions (Pelletier & Potvin, 
2011). Ciudad del Saber is also partaking in initiatives to maximize sustainability on their 
campus.  
Emissions Monitoring 
 Carbon emissions were monitored on a global scale in the late 1900’s by creating a 
carbonization index (Mielnik & Goldemberg, 1999). This index allowed for a baseline to be 
created on the levels of carbon emissions between well and underdeveloped countries. This was 
done by using a formula that compared energy consumption and economic growth to the carbon 
index. This then allowed for the country to be identified as “carbonization” or “decarbonization” 
(Mielnik & Goldemberg, 1999). The carbonization index allowed for a global understanding of 
which locations in the world were creating the biggest carbon footprint.  
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 A carbonization index is not an effective way to measure emission levels on a smaller 
scale due to broad analyzation. One way to measure the output of CO2 on a national scale is 
using a Data Envelopment Analysis (DEA) model. The DEA model allows for a quantitative 
analysis on a large scale while including many factors (Cooper, Seiford & Zhu, 2004). Inputs to 
the model include labor, energy, and capital stock. Outputs include gross domestic product and 
carbon emissions (Tan, Zhang & Wei, 2013). The results of this model allow for the changes in 
the performance of carbon emissions to be analyzed over a five year span for developing 
countries. 
 Focusing in on a smaller scale, cities are major carbon producing areas, due to 
industrialization and heavy traffic. Cities contain the majority of a country's population which 
contributes to a large carbon footprint. Therefore, it is important to monitor these areas in order 
to create a plan to reduce the emissions. The National Aeronautics and Space Administration’s 
(NASA) created Measurement of Pollution In The Troposphere (MOPITT), which is a device 
that uses satellites for precise and continuous measurements of emissions over carbon areas 
(Durren & Miller, 2012). Even though Ciudad del Saber is not as large as typical cities in the 
United States or China, this information is still vital in improving the accuracy of tracking carbon 
emissions on a larger scale.  
 Universities in both developed and undeveloped countries are prioritizing greenhouse gas 
emissions on campus. In order to do this plans are being implemented to make the campus as 
environmentally friendly and efficient as possible. A case study conducted at Rowan University 
measured electric energy directly from the grid along with the burned oil and natural gas that 
power the campus. During this study, researchers found it most efficient to measure the amount 
of energy being used directly from the purchased source (Riddell, et.al, 2009).  
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 Numerous online calculators are available that convert data entries from kilowatts per 
hour into tons of CO2e, or carbon dioxide equivalent, which are used to measure carbon 
emissions. These platforms allow for electricity, gas, air conditioning, waste, recycling, and 
travel data to all be entered to calculate an individual's carbon footprint (Padgett, 2011). Due to 
the wide variability of online options each model had to be analyzed to assure that it would work 
on a large campus setting and not just an individual scale. A software that fits this requirement is 
the Clean Air Cool Planet (CA-CP) calculator that was developed at the University of New 
Hampshire (UNH). This platform uses a streamlined process that analyzes carbon emissions and 
produces accurate results, because of this it has been used in many college sustainability projects 
in the United States. After improvements to the program, the newest version allows for an 
updatable baseline that gives campuses an idea of their carbon emission rates (Cleaves, 2009). 
This iteration of the program is known as the Sustainability Indicator Management and Analysis 
Platform (SIMAP). The program is still being updated and improved to increase accuracy and 
ease of use.  
 The majority of data used in online calculators is collected directly from the energy bill 
received from the distributor. In order to make data entry more efficient, a wireless sensor 
networking system can be used to collect data on campus more frequently. This network is 
advantageous due to its capabilities of connecting sensors that report all of their data to one 
location, which allows for easier analysis (Chong, 2003). Based on components and algorithms a 
sensor network can be used to communicate continuous data to the user. This computer can then 
use an algorithm to calculate carbon emissions. Updatable data is beneficial because it allows for 
real-time calculations to be performed, which in return, will allow for problem areas to be 
quickly identified.  
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  On an even smaller scale, carbon emissions from an automobile can also be monitored. 
According to the Absorption Theory different molecular species can be measured at different 
absorption wavelengths (Dooly, 2008). This Theory allows for carbon dioxide to be specifically 
monitored using a sensor which measure the specific absorbance wavelength that carbon dioxide 
falls in. For example, a sensor like this can be applied to a campus vehicle that runs on a daily 
basis to track the amount of carbon emissions day to day.  
 Another important method of monitoring greenhouse gases is establishing metrics for 
how each gas affects the atmosphere. Typical greenhouse gases, such as Carbon Dioxide, as well 
as other chemicals are assigned a Global Warming Potential (GWP) for a certain time period. 
Usually, that time period is 100 years. These standards put in place to help understand the impact 
of different greenhouse gases on climate change. Carbon Dioxide is used as the baseline gas, and 
is assigned a GWP of 1. GWP measures how much energy the emissions of 1 ton of a given gas 
will absorb relative to that of CO2 (“U.S.E.P.A.”, 2017). 
Waste Disposal in Panama  
 Panama’s rough terrain and small population are a major reason why the trash collection 
system is ineffective. The current waste collection is based on a system created 25 years ago, 
where only 70% of waste is formally collected each day, leaving a large amount littering the 
streets and polluting water supplies (Bühler, 2016). This water pollution poses a great threat on 
the canal as clogged rivers and streams can interrupt the water flow required to move ships 
between the Atlantic and Pacific Oceans (Linowes & Hupert, 2006). Poor disposal methods also 
contribute to the overall poor waste management in Panama. The main treatments are burying 
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and burning waste in landfills. The primary landfill used in Panama, Cerro Patacon, collects 
about 2,400 tons of waste per day and is left to pollute nearby soil, air, and rivers. 
Figure 5: Cerro Patacon Landfill, 2015 
 
After issues with attracting international investors, to the Inter-Oceanic Region of 
Panama, the Panamanian federal government created the Direccion Metropolitana de Aseo 
(DIMA), in 1984. The purpose of this organization was to collect, transport, and dispose of waste 
to the Cerro Patacon landfill from the districts of Panama City, San Miguelito, and Colon 
(Linowes & Hupert, 2006). Since this was a public organization there were not enough funds or 
workers provided to properly handle the waste, which led to many neglected areas outside of 
Panama City. Despite the efforts of DIMA, waste collection was unsuccessful and still led to 
improper disposal and litter among the streets.  
In 2010, the Urban and Domiciliary Cleaning Authority (AAUD) took over DIMA and is 
now responsible for the daily collection of trash and their mission is to efficiently dispose of 
waste, protect public health, and ensure the conservation of the environment (“Autoridad de 
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Aseo Urbano y Domiciliario”, 2014). This organization is still active in 2018 and are taking steps 
to improve, an example is in the previous summer months they have implemented new trash 
containers in Casco Antiguo to combat the issue of liter and improper disposal, they have also 
initiated workshops at elementary schools to discuss recycling and bring awareness to the issue 
(“Noticias 2018”, 2018).  
In order to combat the issue of waste collection the AAUD commissioned a Spanish 
consulting firm, Ingeniería y Economía del Transporte (INECO) to develop a waste management 
system. Collaborating with INECO, the Government of Panama has recently implemented the 
National Plan for Comprehensive Waste Management for Panama. This plan will span a decade 
(2016-2026) and it accounts for current waste collection, treatment and disposal. This 
information is used as a basis to create a legal framework and what actions are required to solve 
current and future waste issues in Panama (“National Plan for Comprehensive Waste 
Management for Panama”, 2018).  
 As Panama’s population increases, waste management is harder to maintain. Despite 
having a regulated trash collection system, effective recycling is a distant goal for Panama. 
Based on statistics, over 90% of the trash brought to Cerro Patacon can be recycled (Lopez, 
2010). Due to the lack of knowledge on recycling and lack of a long term plan, the issue of 
recycling is often disregarded. The issue was first addressed in 2015 by a group from Costa del 
Este, who formed a non-profit organization called Fundación Costa Recicla. Using only 
volunteers, they set up recycling centers in local communities and successfully collected 400 
tons of recycled waste in the span of a year. The organization then collaborated with SeaLanders 
to “design, deliver and engage employees on a recycling program” (McCormick & El-Chibini, 
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2017). Working together, these organizations hope to expand their recycling plant and collect 
more recyclable material by 2022.  
Despite having these organizations, Panama is still not on track to having an effective 
recycling program or centers. Unlike the United States and other developed countries, 
recyclables are not collected by a company on a weekly basis. Therefore, people have to go out 
of their way to recycle and are responsible for all of the separation, which there isn’t enough of 
an incentive to do. Currently in Panama City the main recycling plant, Centro de Acopio y 
Manejo de Desechos Sólidos (CAM), seen in Figure 6, is located on the Ciudad del Saber 
campus. The public is welcome to bring their recycling here, but since Panama is new to the idea 
of recycling, there are stricter rules and fewer items that can be recycled (Cooper, 2017). The 
breakdown of recyclable materials is displayed in Table 1. 
 
Figure 6: Inside of the CAM Recycling Center on the Ciudad del Saber Campus 
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Recyclable Materials in Panama  
Paper Cardboard Plastic Glass Metal Electronics Toner 
Cartridges 
Batteries  
-White 
-Colored 
-Newspaper 
-Glossy 
-Spineless 
books  
-Phonebook 
-Corrugated 
-Boxboard 
-Manilla 
envelopes  
-Egg 
cartons 
-Tetrapack  
-PET, #1 
-HDPE, #2 
-Bottles 
-Jars 
-Aluminum 
-Tin 
-Scrap Iron 
-Copper  
-Bronze  
-Computers 
-Cellphones 
-Canon: PG-40, 
PG-41,PG-210, 
PG-211; 
-HP: CC364A/X, 
CE285, CE 278, 
CB435, CB436, 
Q2612; 
-Brother: 
TN-350, TN-360, 
TN-380 
-Portable 
-Laptop 
-Phone 
-Car 
Table 1: Breakdown of Recyclable Materials in Panama  
Sustainability Opportunities 
The dangers of climate change are globally recognized, and governments as well as 
private industries have taken steps to lessen climate change. Ciudad del Saber, for example, has 
multiple measures in place to ensure sustainable development. However, there are many other 
steps that can be taken to further improve sustainability efforts.  
Fossil fuels are the primary source of greenhouse gas emissions, these are hydrocarbons 
formed from the remains of dead plants and animals and are therefore limited (EPA, 2017). 
Unlike fossil fuels, renewable energy is inexhaustible and does not produce carbon emissions. 
The primary sources of renewable energy include power derived from solar, wind, and water 
(Park & Allaby, 2018). The sun’s radiation is capable of producing enough heat to initiate 
chemical reactions to generate electricity (“Encyclopædia Britannica”, 2018). Similar to how a 
pinwheel catches wind to rotate its blades, wind turbines harness airflow to create its own kinetic 
energy which can then be converted to mechanical or electrical energy used for power. Similarly, 
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water power uses currents in oceans and rivers to initiate kinetic energy, which is then converted 
into mechanical or electrical energy.  
Most methods of transportation produce GHG emissions, which have a considerable 
impact on the carbon footprint. Ciudad del Saber encourages commuters to use the bus to reduce 
these emissions. To further cut down carbon emissions, vehicles can switch to alternative fuel 
sources that emit less carbon dioxide, such as biofuels, electricity, and renewable sources. More 
efficient roadways can alleviate traffic and therefore reduce the carbon emissions made by 
commuters. Schools are also known to cause a lot of traffic, especially during drop off and pick 
up times. An excellent solution to alleviate traffic in a cost effective manner is carpooling, this is 
the act of sharing one vehicle among several commuters on the same route, a concept that is not 
well recognized in Panama. Many drivers are also known to idle as they wait for after school 
pick up. The fumes released from cars while idling is not only harmful to the environment, but 
can be harmful to children’s respiratory health (Kim, et al., 2004). By installing “‘No Idling” 
signs by school pick up and drop off points, these emissions should decrease. 
Reducing waste produced can also reduce the carbon footprint of a campus. One way that 
Ciudad del Saber may be able to do this is to avoid buying supplies with excessive packaging 
(“Carbon Footprint”, 2018). The production of most packaging requires the use of energy 
produced by fossil fuels and the extra weight it adds to shipping will decrease the miles per 
gallon of supply trucks. Moreover, packaging is not easily recyclable which can lead to more 
waste. Another point of reduction could be eliminating the need for shipping food supplies by 
growing or buying locally (EPA, 2017). Another option would be to reuse products. Taking in 
used furniture, furnishings, office supply, and other materials is a great way to recycle and 
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reduce waste. Following the saying of “reduce, reuse, recycle”,  will aid in sustainability efforts 
of limiting the amount of waste produced on campus.   
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Methodology  
 The main goal of our project was to present Ciudad del Saber with a baseline carbon 
dioxide emissions calculation. This will provide a starting point for CdS to begin their ultimate 
goal of achieving GRI standards for the campus. It will also help CdS apply to the USGBC’s 
LEED for Cities project. The certification received from this project will make Ciudad del Saber 
this first location in Central America to receive the award. Ciudad del Saber has complete 
records of some buildings, but limited or no records of others. Therefore, the analysis was only 
conducted on buildings and areas controlled by CdS. The following objectives guided our team 
to accomplishing our final goals:  
1. To collaborate with our sponsor to collect data and information about sources of carbon 
emissions on campus. 
2. To survey workers at Ciudad del Saber in order to find out about their transportation 
systems and commutes to work. 
3. To compile data using an online algorithm to establish a carbon dioxide emissions 
baseline. 
4. To provide recommendations to reduce future emissions and promote awareness of 
sustainability to campus staff and community. 
 
Updatable Baseline 
Ciudad del Saber’s first main goal was to establish a carbon dioxide emissions baseline. 
This baseline gives them indicators on where they stand, so that they may set goals and progress 
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into the future. Our team recommended using the Sustainability Indicator Management and 
Analysis Platform (SIMAP) to establish this baseline. 
SIMAP is an online algorithm that can analyze entered data and develop a baseline of 
carbon and nitrogen emissions. This system was developed in 2017 by the University of New 
Hampshire (UNH), and was implemented to campuses in 2018. It succeeded the previous 
CarbonMAP system, also developed by UNH (“Campus Calculator Home”, 2018). The basic 
system is free, and allows users to calculate carbon and nitrogen emissions. The Tier 1 package 
costs $350 per year, and allows users improved features, such as importing and exporting data, 
improved nitrogen footprint analysis, and administration of multiple accounts for a single 
campus. The Tier 2 package, which will be released in Fall of 2018, enables Auto-reporting to 
other platforms, projections and solutions analysis, and benchmarking compared to sector 
averages and other institutions, among other features (“SIMAP Home”, 2018). Through the 
recommendation of our team, Ciudad del Saber purchased a Tier 1 package of SIMAP for the 
year to help track their carbon emissions. This Tier 1 package allowed CdS improved features for 
carbon dioxide tracking. It became especially important for CdS to have the Tier 1 package 
because it is located in Panama, so a custom breakdown of electricity generation was required. 
 The Data Entry section of SIMAP allows users to input a wide array of emission factors 
to calculate total carbon emissions across campus. This section is broken down into three scopes, 
which classify the different types of data that can be entered. Working with our sponsor, our 
team decided which of the subcategories we would be able to obtain data for within the seven 
week period. The breakdown of the categories can be seen in Table 2.   
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Scope 1 Scope 2  Scope 3  
● Stationary Fuels 
● Cogeneration Energy 
● Transportation Fuels 
● Fertilizer  
● Animals 
● Refrigerants/Chemicals 
● Utility Consumption  
● Renewable Energy
  
● Commuting  
● Business Travel 
● Student Travel  
● Food 
● Paper 
● Waste 
Table 2: Breakdown of Scopes on SIMAP 
 
Scope 1 
Out of Scope 1, our team chose to focus on two of the subcategories. The Ciudad del 
Saber campus does not have stationary fuel sources, cogeneration energy plants, use fertilizers to 
maintain lawn care or raise animals for a food supply. Therefore, each of these sections can be 
eliminated during data entry. The main focus was on data entry in the subcategories of 
transportation fuels and refrigerants/chemicals. In order to obtain this information, our team 
communicated with the CdS Operations department to get quantifiable data. For transportation 
fuels, data from the campus buses and maintenance trucks were entered. For the category of 
refrigerants and chemicals, our team analyzed Ciudad del Saber’s chiller building, which 
provides air conditioning to most of the campus. This building uses three different types of 
refrigerants, all of which will have an impact on the carbon emissions output. 
Scope 2  
Scope 2 is based on utility consumption from outsourced energy. Ciudad del Saber 
purchases their energy from Gas Natural Fenosa Panama, a major power supply company for the 
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country. To achieve an accurate reading, it was important to know the methods used to generate 
electricity.  
 This posed a challenge to our team. SIMAP has been designed with a focus largely on the 
United States, and has been developing focuses on Canada recently. However, SIMAP has no 
information on energy generation in Panama. Moreover, the power generated in the United 
States is tracked by the Environmental Protection Agency (EPA). The EPA uses the Emissions & 
Generation Resource Integrated Database (eGRID), which divides the United States into regions, 
and tracks how power is generated in each region (“Emissions & Generation Resource Integrated 
Database (eGRID)”, 2018). Panama does not have a system like eGRID in place, which poses a 
major challenge. In order to accurately calculate carbon dioxide emissions, it was essential that 
our team knew how the power Ciudad del Saber uses is generated. Our team contacted the 
University of New Hampshire Sustainability Department, who are the developers of SIMAP. 
Despite SIMAP not having pre-programmed data about power generation in Panama, it does 
allow for a Custom Fuel Mix option to be used. This custom fuel mix setting allows users to 
input the percentages of power generation for a select region. To find the breakdown of power 
generation in Panama, our team requested assistance from Lúa Delgado. Ms. Delgado contacted 
the Secretary of Energy of Panama, who provided a breakdown of total energy generated in 
Panama in 2017.  
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Figure 7: Energy matrix for Panama’s electricity  
 
As shown by the graph, the majority of energy generated in Panama is through 
hydroelectric power. The second most common form of power generation is thermoelectric, 
which poses a slight problem when calculating in SIMAP. Since thermoelectric can come from a 
variety of fuel sources (i.e. coal, natural gas, nuclear), this can impact the calculation made by 
SIMAP. A complete breakdown for energy consumption for Panama can be found in Appendix 
C.  
To arrive at a final custom fuel mix, our team needed to analyze and break down the 
electricity generation chart as well as the energy consumption matrix. To start, we focused on the 
energy generation chart, as this gives the most direct analysis of electricity generated. We started 
by putting 65.8% Hydro power into SIMAP. We then added wind and solar energies to obtain 
5.9%, and put that into the green energy section. The 0.1% biogas was put into the natural gas 
section.  
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From there, 28.2% of electricity generation still needed to be accounted for in the form of 
thermoelectric energy. This electricity was assumed to be generated through derivative 
petroleum, carbon, and bagasse. Of the thermoelectric energy, approximately 81% was generated 
through derivative petroleum, 10% through carbon, and 8% through bagasse. Using percentages 
of 28.2, we arrived at our final proportions used in SIMAP. Further calculation details for 
thermoelectric energy can be found in Appendix D. Derivative petroleum fit into the residual 
fuel category, carbon fit into the distillate oils category, and bagasse fit into the biomass 
category. The final breakdown of the SIMAP fuel mix is shown below: 
 
Figure 8: Custom Fuel Mix in SIMAP used to calculate carbon emissions 
 
Scope 3 
The third scope of SIMAP focuses mainly on logistics of the campus, such as 
transportation, supplies, and food. Since there are so many independent companies operating in 
Ciudad del Saber, it was deemed impractical to conduct analysis on student transportation and 
food. Instead, our team focused on commuting, employee transportation, paper, and waste. Since 
CdS employs a set amount of staff, our team conducted a survey to find out their transportation 
habits. Records of flights taken by employees, paper use, and waste were also provided. 
 Our team obtained monthly fuel consumption records of Ciudad del Saber’s fleet of 
company vehicles, such as buses, trucks, and small cars. Monthly costs of fuel per liter were also 
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obtained. The records provided were given in fuel cost rather than volume used, so our team 
needed to convert to liters consumed using the average cost of fuel per month. After converting, 
we totaled the amount of diesel and 95 octane gasoline per year, and entered the information into 
SIMAP. Since Ciudad del Saber’s vehicles consisted of a mix of diesel-fueled and gasoline-
fueled vehicles, it was important to keep these totals separate, as diesel and gasoline produce 
slightly different emissions.  
Transportation 
To address the goal of lowering emissions through transportation, our team will survey 
the transportation habits of the employees of Ciudad del Saber. Our project sponsor, Alessa 
Stabile, provided that Ciudad del Saber employs approximately 165 people. Our team concluded 
that by surveying employees, we could discover information that would be easily missed by 
analyzing known records. We surveyed employees on their habits of commuting to work, and 
used this data to understand how to increase time efficiency and carbon efficiency of Ciudad del 
Saber employees. Our questionnaire includes questions on the following and can be found in 
Appendix E: 
● Method of travel to work 
● Distance to work 
● Commuting with coworkers 
● Use of bus services 
● Willingness to provide additional information 
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 Since most employees of Ciudad del Saber primarily speak Spanish, our survey needed to 
be translated to maximize clarity. Translation of our survey was done courtesy of Lúa Delgado, 
and can be found in Appendix F.  
Commuter transportation has an impact on the amount of carbon emissions produced by 
the campus. It is therefore necessary to include the commuter emissions when calculating the 
overall baseline of the carbon emissions on campus. According to the United States 
Environmental Protection Agency, it is estimated that 8.887 kilograms of carbon emissions are 
produced for 1 gallon of gasoline, in model years between 2012 and 2016 due to fuel economy 
standards set by EPA and the National Highway Traffic Safety Administration (EPA, 2016). 
Using the built-in commuter data algorithm on SIMAP, our team was able to calculate emissions 
from Ciudad del Saber commuters. 
Our team also analyzed the campus-wide bus program and maintenance vehicles to find 
an estimate of carbon dioxide emissions. We collected the fuel consumption records, and then 
used SIMAP to calculate emissions from vehicles. 
Ciudad del Saber also provided records of flights taken by employees. SIMAP has the 
functionality to calculate CO2 emissions from flights. The records provided only indicated the 
trip number and the destination. Some destinations were rather broad; for example, some were 
recorded as “California” or “Spain.” Also, there were no records for connecting flights for each 
trip, despite it being highly likely that many trips would require connections. Thus, several 
speculations had to be made. First, it was assumed all trips were direct flights from Tocumen 
International Airport in Panama to the final destination. Second, several assumptions were made 
for destination airports. If a city was specified, the busiest airport in that city was used. If only a 
state or country was mentioned, the busiest airport in that state or country was used. For one 
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instance, only “U.S.A” was indicated for the destination. Since the United States is so expansive 
and has so many airports, that trip was omitted from the analysis. Our team then used the World 
Atlas Flight Distance Mileage Calculator to find the distance in kilometers between Tocumen 
International Airport and the destination airports. It was indicated by records that each flight was 
a round trip. Thus, we needed to double the total kilometers travelled. We then totaled the 
distance of all flights, and added them to the SIMAP calculator. When calculating, our team 
inferred a direct, straight route from Panama to the destination. While it is not a perfect estimate, 
this will give Ciudad del Saber a general approximation of emissions from flight travel by 
employees. 
Waste Disposal on Campus 
 As part of our emissions analysis of Ciudad del Saber, our team took a tour of the entire 
campus to collect data and information on waste disposal methods. Our tour revealed several key 
points of interest for analysis. 
 The campus has several methods of waste disposal, and they are all managed in different 
ways. First, there are trash and recycling bins that are managed by Ciudad del Saber, which can 
be seen in Figure 9. These trash and recycling bins are found directly next to each other, so 
community members can quickly organize small trash into the appropriate container. These types 
of bins are typically found near buildings and spaces managed by Ciudad del Saber, such as the 
Dormitory building and La Plaza.  
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Figure 9: Waste and recycling bins that are placed in main areas on campus 
 
 Another method of waste disposal on campus is the many small cage-like “canastas.” 
These can be found outside of most of the residential and office buildings that are not directly 
managed by Ciudad del Saber. Any waste found in canastas is considered trash, and none is 
recycled. This poses a slight problem, because accessibility of recycling methods is limited for 
residents. If residents choose to recycle, they must drive to the recycling plant to drop off their 
waste themselves. This may discourage residents from recycling, since simply putting waste in 
the trash is far more convenient than driving to the plant.  
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Figure 10: Canastas located in residential and business areas on campus  
 
 
 Finally, there are large blue dumpsters meant for larger volumes of trash. These are 
scattered around campus, but our team noticed a particularly higher quantity near utility 
buildings such as warehouses and the chilling plant. In total, our team counted twenty blue 
dumpsters of various shapes and sizes during the tour.  
 
Figure 11: Blue dumpsters of various sizes located around campus  
 
  
 
 
35 
 The management of these waste disposal methods falls into two main categories. First, 
Ciudad del Saber manages the combined trash and recycling bins. Trash is put into the blue 
dumpsters, and recycling is sent to the recycling plant on campus. Any trash put in the canastas 
or the blue dumpsters is managed by a separate company, and is collected either twice or five 
times a week, respectively. Recyclable products sent to the on-campus recycling plant are sorted 
by workers and sent for further processing. This poses a further problem, because recycling is 
not a lucrative business in Panama. Therefore, workers are not well-compensated by recycling 
companies, and resources to aid in collection and sorting are scarce. To help recycling plant 
workers and ensure adequate staffing for the plant, Ciudad del Saber provides bonus financial 
compensation to recycling plant workers. 
 The combination of low access to recycling for some residents and low funding for 
recycling plants generates an issue for our team. It would likely be costly as well as inconvenient 
to implement better recycling resources to residents. That would mean an increase in spending 
from CdS, as well as an increase in employment and assets for the workers to travel around to 
collect recycling. Since it is already difficult to appropriately compensate recycling plant 
workers, it would likely be impractical to increase spending on the recycling plant.  
 Our team also used SIMAP to analyze carbon dioxide emissions from the campus. To 
begin, we had to conduct preliminary research on the waste disposal habits of Panamanians. 
According to a 2016 study from The Embassy of the Kingdom of the Netherlands in Panama, the 
typical Panamanian produces 1.2 kg of waste per day as of 2014. Panamanians’ waste habits are 
rather comparable to most well-developed countries, and show a stark increase from 0.81 kg per 
day from the late 1990’s (Moerenhout, 2016). This allows for the estimate to be applicable to 
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Ciudad del Saber, despite the diverse population of foreign tenants as well as native 
Panamanians. A breakdown of waste produced can be found in Figure 12. 
 
Figure 12: Percentage breakdown of waste disposed in Panama by material 
 
This breakdown was conducted in 2003 by the Japanese Overseas Development 
Cooperation (JODC). Next, our team referenced a 2017 study from Autoridad de Aseo in 
Panama. This study analyzed waste data from domestic and economic sectors in Panama. The 
study analyzed the densities of open and closed garbage bags coming from different sources to 
find average densities (“PLAN NACIONAL DE GESTIÓN”, 2017). The breakdown of waste 
densities in domestic and economic sectors can be found in Figure 13.  
 
Figure 13: Waste density breakdown from domestic and economic sectors, 2017 
 
Our team took the average density for the domestic sector to be approximately 160 kg/m3 
and the average density for economic sectors to be approximately 120 kg/m3. Our team 
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concluded these were appropriate densities by approximating the average densities found by  
Autoridad de Aseo in 2017. Next, each sector of Ciudad del Saber was classified into either 
residential, commercial, or institutional areas. Residential areas were assumed to have a density 
of 160 kg/m3, while commercial and institutional areas were assumed to have a waste density of 
120 kg/m3. Since waste in Panama is dumped in landfills untreated, our team selected 
“Landfilled Waste: No CH4 Recovery” as the source of emissions in SIMAP.  
From here, our team toured the campus to measure the volumes of dumpsters and 
canastas. A table of our findings during the tour can be found in Appendix G. We then used the 
density of trash to find total mass. As requested by our sponsor, we assumed each dumpster and 
canasta to be 75% full upon pick up from the trash company, canastas were emptied twice a 
week, and dumpsters were emptied five times a week. This gave us an estimate of all waste 
disposed by CdS. We then entered this data into SIMAP’s Waste and Wastewater section. 
Figure 14: Measuring one of the containers that held the residential garbage bins 
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Cultural Implementation 
Currently in Panama, there are no programs that address climate change on a large scale. 
Because of this, people are not as aware of the issue as people in other countries.  
Our team first pursued a creative way to display the impact of climate change across 
campus. Climate Creatives is an organization that was developed to educate and engage people 
on environmental issues. Susan Israel, an architect, founded the project “Rising Waters”, which 
demonstrates the height of water levels if there was a storm surge or rising sea levels. Based on 
statistical data, a visual display is created either with fish or colorful ribbons to inspire a change 
(“Climate Creatives”, 2018). This project began in east Boston in 2013, and since has been in a 
total of fifteen locations internationally. In February 2017, Susan Israel brought this project to 
the San Blas Islands of Panama. Climate change is going to have a large impact on the San Blas 
Islands and the indigenous people who reside there, and this installation was used to raise 
awareness and money for future migration of the indigenous people. The instillation used strips 
made out of the fabric used for indigenous peoples’ traditional clothing, or Molas. so it could be 
reused afterwards. They were installed using paste made of natural ingredients so there would be 
no environmental effects. Finally, the project collaborated with local children to make the strips 
and also interviewed elders about the problems induced by rising sea levels. Our team was in 
contact with Susan Israel to establish a work relationship with Ciudad del Saber to discuss the 
possibility of a future installation of a similar educational art display. 
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Figure 15: Rising Waters installations on the Guna Yala Archipelago, “Climate Creative” 
 
According to Climate Central, even if the Paris Agreement’s international target of 2 
degree celsius warming goal is achieved, rising sea levels will be unavoidable, and are predicted 
to rise 4.7 meters. This rise is due to Sea Level Lock, which is an inevitable water rise due to the 
carbon pollution that already exists in the atmosphere. It is believed that the existing carbon 
pollution can persist for hundreds of years, long enough to prolong temperature increase 
regardless of our current sustainability efforts (Strauss & Kulp, n.d.). The natives of the San Blas 
Islands are already aware of the fact that their homes will be uninhabitable in the future. Besides 
the low lying islands, Panama City is at risk for rising sea levels due to the 2 meter above sea 
level elevation. Due to Sea Level Lock it is likely that Panama City will have issues with rising 
oceans and needs to begin taking drastic steps in order to prevent further impact. 
According to our sponsor, there is little to no curriculum for Global Climate Change in 
Panamanian schools. True to their mission, Ciudad del Saber’s Sustainability department, strives 
to educate their employees on the importance of sustainability. In order to raise awareness of the 
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impact of climate change, our team created several educational TV displays that can be viewed 
in the main CdS offices. The aim of these displays is to directly relate the effects of climate 
change to Panamanians. For example, since Panama is made up of a large percent of coastal 
regions, some displays focused on how the regions will be affected by rising sea levels. Other 
displays relayed information on changing ocean pH levels, and its effects on marine life, as 
fishing is one of Panama’s valued exports (“National Oceanic and Atmospheric Administration”, 
n.d.) (“Foreign Trade Div.”, 2018). Our team focused on topics that are more relatable to the 
select population and believe that this will have a greater impact on climate awareness. Each of 
the TV displays can be found in Appendix H.  
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Findings and Analysis 
 Throughout this project, our team discovered many points of analysis. Some came from 
direct analysis of data from records and surveys, while others come from direct observation of 
Ciudad del Saber. 
Result Breakdown by SIMAP Scope 
 Our team collected data from Ciudad del Saber to be added into SIMAP. Our team also 
used the transportation survey and information from the waste field study to enter additional 
information into SIMAP. Data entered encapsulated all three scopes in SIMAP.  
Scope 1 
 Out of Scope 1 of SIMAP, our team focused on transportation fuels of vehicles on 
campus and refrigerants used for air conditioning and chilling on campus.  
 The fuel records of campus buses and maintenance vehicles were provided to our team by 
the Operations department of Ciudad del Saber. Fuel records provided were from all of 2017 and 
up to August of 2018. Most of the campus vehicle fleet consisted of diesel-fueled vehicles, with 
some vehicles being powered by gasoline. Fuel use was recorded in the amount of money spent 
on fuel per vehicle. Our team was also provided a monthly breakdown of fuel costs for diesel and 
95 octane gasoline and we used the average monthly fuel costs to convert cost to liters. Yearly 
total fuel use is shown in Table 3. It should also be noted that the 2018 records are incomplete. 
 
 
  
 
 
42 
Year Total Diesel Use (Liters) Total Gasoline Use (Liters) 
2017 19,888.27 3,205.79 
2018 13,768.79 2596.5 
Total 33657.06 5802.29 
Table 3: Diesel and Gasoline use for Ciudad del Saber vehicles 
 
 Our team then entered the yearly records of gasoline and diesel fuels into the 
Transportation Fuels section of SIMAP. Entered SIMAP data is shown in Figure 16.  
 
Figure 16: Transportation Fuel data entered into SIMAP 
 
 Our team was also given data on refrigerants used in Ciudad del Saber’s chiller plant 
which provides air conditioning to campus buildings. The campus uses three types of refrigerants 
in the plant, the breakdown of refrigerants used is shown in Figure 17. 
 
 
Figure 17: Refrigerants used by Ciudad del Saber 
 
  
 
 
43 
 Since the records were given in pounds, the weights of refrigerants were converted to 
kilograms before being entered into SIMAP. When entering the data into SIMAP, R-410A was 
classified as “other” in the data entry section. Similarly, R-134-a was entered as HFC-134a 
simply because that is how it is named in SIMAP’s database. Finally, R-123, also known as 
Freon, was not on SIMAP’s pre-programmed database. This chemical refrigerant is being phased 
out across most developed nations, so it is not included in the database. However, one of Ciudad 
del Saber’s chiller is very old, and still uses R-123. To account for R-123, our team found its 100 
year Global Warming Potential to be 79 according to the Intergovernmental Panel on Climate 
Change’s Fifth Assessment Report (AR-5). We then entered this data into SIMAP’s Global 
Warming Potential section for calculation factors (Global Warming Potential Values).  
Scope 2 
 Scope 2 encapsulates electricity usage on campus. Since the campus has no sources of 
renewable energy, only the Utility Consumption section was completed in SIMAP. Our team 
first needed to research electricity generation in Panama to create a Custom Fuel Mix in SIMAP, 
since SIMAP does not yet have a database for electricity generation in Panama. After calculating 
a proper Custom Fuel Mix, our team entered electricity bills into SIMAP. The electricity bills for 
all of 2017, and January through August of 2018 were provided for analysis. Ciudad del Saber 
could only provide records for campus-managed buildings, since the electricity in leased-out 
buildings is managed by those companies. Data entered into SIMAP can be found in Figure 18. 
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Figure 18: Electricity data entered into SIMAP 
 
 Along with having the electricity usage in their carbon baseline on SIMAP, it may also be 
wise for Ciudad del Saber to analyze monthly fluctuations in electricity usage to discover what 
causes these changes. From there, they may be able to further reduce carbon emissions by 
isolating major causes. 
Scope 3 
 Scope 3 of SIMAP includes waste and carbon emissions from people on campus. This 
includes employee commuting habits, business trips, food, paper, trash, and wastewater. Since 
there are many companies operating in Ciudad del Saber, tracking of some of these aspects 
would be impractical. Thus, only commuting, business trips, trash, and paper were tracked. 
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 Employee commuting habits are not recorded by Ciudad del Saber, and thus a survey of 
transportation habits had to be distributed. A Spanish translation of the survey was sent out to 
165 employees at Ciudad del Saber to reveal their typical commuting habits. Our team received 
34 responses, yielding a 20.6% response rate. These responses were used as data in SIMAP and 
gave points of improvement for CdS.  
 Our team analyzed three of the survey questions as part of data to be entered into SIMAP. 
These three questions asked employees their method of commuting to work, the distance of their 
commute, and whether they commute with other coworkers. In general, most employees drive 
personal cars to work, approximately 88.2% of commutes are 20 kilometers or less, and only 
5.9% of employees commute to work with other employees. In-depth data from the survey can 
be found in Appendix I. This data was then entered into SIMAP to calculate how employee 
commuting contributes to the carbon emissions of the campus. Commuting data is shown in 
Figure 19.  
 
Figure 19: Data entered into SIMAP from the Transportation survey 
 
 Ciudad del Saber provided records of business trips made abroad by employees. Our 
team analyzed these trips by assuming the employee was travelling to the most popular airport at 
their destination from Tocumen International Airport. The distance between these two points was 
found and recorded. Finally, the distance for all flights was totaled and doubled, to account for 
  
 
 
46 
round-trip flights. The total kilometers travelled by plane was then entered into SIMAP’s 
Business Travel and Study Abroad section. Data entered into SIMAP is shown in Figure 20. A 
complete breakdown of employee travel records is found in Appendix K. 
 
Figure 20: SIMAP business trip travel data 
 
 Using records of trash collection across campus and the field study of waste containers 
used by different buildings of Ciudad del Saber, our team calculated a final result for waste 
disposal. Two results were obtained during the study. The first was all trash that is disposed of 
on campus, and the second was trash disposed by Ciudad del Saber managed buildings. This 
allowed for a result that is more consistent with electricity use records. To obtain the waste data 
for only these buildings, our team omitted all waste from green residence cans, garbage cans in 
the blue business sector of campus, and residential trash boxes. The second result obtained was 
waste disposal for the entire campus, regardless of if corresponding electricity data was 
available. Also, since no records of waste disposal exist for Ciudad del Saber, our team only 
estimated waste disposal for the year of 2018. From there, our team assumed a 10% increase in 
waste from 2017 to 2018, and entered the reduced amount for 2017. This allowed us to arrive at 
a total estimate for both 2017 and 2018, which helped keep a consistent comparison for both 
years. Waste disposal data for Ciudad del Saber can be found in Table 4. A complete breakdown 
of waste disposal can be found in Appendix G.  
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 2017 2018 
Full Campus Waste (kg) 3,549,056.04 3,775,707.54 
Ciudad del Saber Controlled 
Building Waste (kg) 
1,560,927.43 1,734,363.81 
Table 4: Waste disposal for Ciudad del Saber 
 
Finally, Ciudad del Saber provided the records of paper use in offices across campus. 
CdS orders their paper in reams, which are equivalent to 500 sheets of standard letter-size paper. 
They also ordered paper envelopes, which our team assumed to be equivalent to 1 sheet of paper 
each. Therefore, 500 envelopes would be equivalent to 1 ream of paper. Ciudad del Saber’s 
paper use is shown in Table 5. 
Year Paper Used (Reams) 
2017 241 
2018 570 
Total 811 
 Table 5: Ciudad del Saber paper use for 2017 and 2018 
 
 Our team entered this data into SIMAP’s paper section of Scope 3. SIMAP also required 
to classify the type of paper used and the percentage that comes from recycled paper. Ciudad del 
Saber buys Xerox Digital Paper for laser, copier and inkjet. Since this paper is made from 100% 
eucalyptus pulp, their paper would be classified as uncoated groundwood paper that has no 
recycled components. However, it is worth noting that the paper and packaging is specified by 
Xerox to be 100% recyclable. 
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Final SIMAP Results 
 Through gathering data provided by Ciudad del Saber, surveying employees, and 
conducting a field study of waste disposal habits, our team was able to compile a final carbon 
emissions result for Ciudad del Saber. Due to the need for two waste disposal results, our team 
arrived at two different results for total carbon emissions. The breakdown of which areas are 
controlled on Ciudad del Saber’s campus is shown in Appendix G.  
The first result only includes waste from buildings controlled by Ciudad del Saber. This 
allowed for a result that better encapsulated the weights of each source by compensating for the 
lack of electricity information for many of the buildings on campus. Carbon emission results 
using only waste from Ciudad del Saber controlled facilities are shown in Figures 21-22. 
 
Figure 21: Carbon Emissions produced by each footprint factor for Ciudad del Saber facilities  
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Figure 22: Carbon Emissions broken down by scopes for Ciudad del Saber facilities   
 
 
Fiscal Year Net MTCDE 
2017 8,709.41 
2018 9,164.34 
 
Table  6: Quantity of Carbon Emissions produced in 2017 and 2018 for Ciudad del Saber 
facilities  
 
 
 The final results show an alarmingly high amount of carbon emissions from solid waste 
disposal. This stems from several factors. First, the lack of waste treatment in Panama means that 
landfilled waste produces extremely high amounts of methane, which drastically increases 
emissions. Second, the high use of hydroelectric power by much of Panama means that utility 
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consumption is relatively low, which makes waste appear larger by comparison. Third, since 
records of waste disposal do not exist, there is no way of knowing the true density of the Ciudad 
del Saber’s waste. This meant that our team had to estimate both density and volume of waste, 
which potentially led to a skewed result.  
 The second result is not as accurate of a representation of carbon emissions because it 
accounts for emissions for all solid waste collected across campus, but does not account for all 
electricity use across campus. This was because our team could easily tour the campus to gather 
information on waste containers, but could not obtain electricity records for buildings not 
managed by Ciudad del Saber. However, it was decided that it was important to keep the results 
because Ciudad del Saber intends to track electricity use for all buildings in the future. 
Therefore, these records can become a starting point for a complete carbon baseline for the entire 
campus in the future. SIMAP results that includes waste for the entire campus can be found in 
Figures 23-24.  
 
Figure 23: Carbon Emissions produced by each footprint factor including all waste data 
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Figure 24: Carbon Emissions broken down by scopes including all waste data 
 
 
Fiscal Year Net MTCDE 
2017 16,318.43 
2018 16,977.02 
Table 7: Quantity of Carbon Emissions produced in 2017 and 2018 including all waste data 
 
Much like the first result, waste constitutes for much of the campus-wide emissions. 
Likewise, this can be explained by poor waste treatment in Panama, relatively low utility 
consumption, estimates potentially skewing results, as well as the full campus’s electricity not 
being accounted for in this result. 
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Alternative Calculations 
 Our team also conducted an alternative calculation of electricity and waste data. This data 
was presented to CdS so it can be used for their LEED for Cities project application. Also, it 
helped provide a way to verify results.  
 An alternative calculation of electricity data was conducted to estimate the total 
electricity use of the entire Ciudad del Saber campus, rather than only buildings managed by 
CdS. To calculate the total electricity use, our team obtained the area in square meters of all 
facilities across campus, as well as the square meter area of facilities only controlled by Ciudad 
del Saber. Calculations were performed to find that Ciudad del Saber manages 12.947% of 
campus, or that the total size of the campus is 7.724 times the area managed by CdS. We then 
multiplied these results with electricity records provided by Ciudad del Saber to find an estimate 
for the entire campus. Since electricity records for only January through 5 August were provided, 
our team also calculated the projected electricity use for the campus. This was done by finding 
the amount of days elapsed from the beginning of 2018 to 5 August, 2018, the end of provided 
records, to be 217 days. We then divided 365 by 217 to obtain 1.682. This number was then 
multiplied by known records to find the total projected electricity use for 2018. The results of 
these calculations can be found in Table 8.  
Year Known Records from 
CdS (kWh) 
Entire Campus 
Estimate (kWh) 
Yearly Projection 
(kWh) 
2017 4,227,048 32,648,458.4 N/A 
2018 3,516,537 27,160,676.83 45,684,258.43 
Table 8: Estimated Electricity usage for entire campus 
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 It should be noted that the calculations for 2017 are likely lower than their true values 
because Ciudad del Saber used more office space in 2018 than 2017 and the records of square 
meter areas were provided from 2018. Therefore, a larger proportion of the campus was used by 
Ciudad del Saber in 2018, so the multiplication factor is lower than it would have been in 2017. 
Another set of alternative calculations were done to verify waste disposal habits based on 
the population of the campus. First, our team referenced waste audit data from 2011 to find the 
daily waste disposal habits from different sectors of campus. A waste breakdown per sector is 
shown in Figure 25. 
 
Figure 25: Waste Disposal per day per sector of CdS, from 2011 Ciudad del Saber Waste Audit 
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 Our team then analyzed the population of Ciudad del Saber. CdS’s population consists of 
employees, students, residents, and transients. A breakdown of the population can be found in 
Figure 26.  
 
Figure 26: Population breakdown of Ciudad del Saber 
 
 
 Our team then paired these four population types with four different waste habits. Waste 
from employees was classified as institutional waste; waste from transients was classified as 
commercial waste; waste from students was classified as school/university waste; and waste 
from residents was classified as hotel waste, as this was the closest to domestic waste. From 
there, our team assigned the amount of days each population would be estimated to stay. 
Employees and transients were set to stay 250 days, as this was the amount of work days 
estimated for Panama. Students were estimated to have 210 days of school. Residents were 
estimated to stay for the full 365 days of the year. By using populations, daily waste per person, 
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and days stayed on campus per year, an alternative waste calculation was found. A breakdown of 
the results can be found in Table 9.  
 
Population Type Waste per year (kg) 
Employees 2,128,400 
Transients 1,007,500 
Students 19,588.8 
Residents 413,298.26 
Total 3,568,787.06 
Table 9: Waste breakdown per year based on population 
 
 This alternative calculation helped verify the accuracy of our team’s waste field study. 
The total mass of waste per year produced only a 5.48% error from values calculated from 2018, 
and a 0.56% error from values calculated from 2017.  
Transportation Survey 
 Aside from data our team entered into SIMAP, the Transportation Survey revealed useful 
information on employee commuting habits. Analysis of other survey questions can reveal 
unique areas for improvement across Ciudad del Saber. For example, very few employees take 
advantage of the campus bus program, despite it being a free resource. This may be because 
there is no need to travel across campus. Employees likely only need to travel from home to 
work, and typically use cars to do so. Therefore, Ciudad del Saber may want to consider taking 
further action to encourage employee bus use. This would add more value to the campus bus 
program, as more people will use the service for the same distance travelled. Conversely, if 
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employee use is low enough, it may be wise to shift the focus more towards community 
members. This may involve modifying routes or stop times. In turn, this would benefit users and 
the environment by creating shorter routes and faster transportation times. 
 Likewise, low employee carpooling habits show that encouraging carpooling among 
employees could greatly reduce campus carbon emissions. While carpooling is a rather 
unfamiliar concept in Panama, Ciudad del Saber can provide a starting point for increasing its 
popularity. 
 On the other hand, the high percentage of employees who are willing to provide records 
of their driving habits is a promising statistic that indicates employee interest in sustainability. 
Our team recommends that Ciudad del Saber use this information as a starting point for a follow-
up survey in the future. This survey could ask where employees live to find groupings and set up 
carpooling groups.  
 Our team provided the complete survey results to Ciudad del Saber so that employee 
feedback can be used for future record-keeping and studies. 
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Recommendations and Conclusions 
 This project investigated sources of carbon dioxide emissions from Ciudad del Saber to 
provide a carbon baseline and reveal ways to decrease future emissions. From the data and 
analysis of the campus, our team developed a set of recommendations for Ciudad del Saber to 
continue to improve sustainability efforts in the future. These recommendations can serve as a 
guide for Ciudad del Saber to reduce carbon emissions, as well as more efficiently keep records 
of waste and emissions on campus.  
SIMAP Record-Keeping 
 Along with the carbon baseline result provided by SIMAP, our team also compiled a 
short handbook for future work with SIMAP. Since Ciudad del Saber plans to continue to use 
SIMAP to help track their carbon emissions long after the conclusion of this project, a handbook 
had to be created to guide future users. SIMAP already has an in-depth handbook for general use, 
but our team decided it was important to draft a simplified version for several reasons. First, our 
simplified handbook was written specifically for Ciudad del Saber, so it omits extraneous 
information. Second, since it is much shorter than SIMAP’s guidebook and not formatted as a 
PDF or picture, it can be translated to Spanish easier, should the task be undertaken by an 
employee who only speaks Spanish. 
 Our team recommends the continued use of SIMAP for future record keeping. This will 
allow Ciudad del Saber to track progress and identify problem areas. Also, the software will 
continue to improve over time, so Ciudad del Saber can expect improved results and interface in 
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the future. We also recommend that Ciudad del Saber provides feedback to UNH, since 
implementation of the software outside the United States is still ongoing. 
Sensor Networks 
 Recently, energy providers and customers have been using sensors to track how much 
electricity is produced, distributed, and received. The use of sensors allows companies to track 
changes in electricity use as they happen. This can prove advantageous for Ciudad del Saber for 
several reasons. First, Ciudad del Saber only uses their monthly electricity bill to track their 
electricity usage. This bill only gives total usage and cost per month. If Ciudad del Saber were to 
use a sensor networking system, they could track fluctuations in electricity use and realize what 
causes these changes. From there, they can take steps to reduce electricity use. Likewise, they 
can analyze trends in electricity costs and take steps to use electricity when it is cheapest. These 
steps will not only aid in decreasing CdS’s emissions, but will also aid in decreasing utility costs.  
Electricity Sensors 
 Smart meters such as the OpenWay Riva CENTRON Meter can provide all this 
information to Ciudad del Saber’s entire campus quickly and efficiently. One or several sensors 
can be implemented to track overall power consumption, or provide a more complete breakdown 
of power use across different areas of the campus. This can allow CdS to further isolate areas for 
improvement. Smart meters such as this are capable of collecting electricity data and relaying it 
across a network to a central hub. This information can then be quickly analyzed without having 
to go to the meter to check the reading. This way, electricity can be efficiently monitored without 
making significant changes to CdS procedures. Particularly, the OpenWay Riva CENTRON 
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utilizes radio frequency mesh (RF mesh), power line carrier, and WiFi to quickly carry data to 
the central hub for processing. RF mesh uses a network of radio nodes arranged into a network 
known as a mesh cloud to carry data to mesh clients, in this case a computer that collects data. 
Power line carrier uses the same wires that carry electricity to transmit information. Finally, the 
meter can also communicate to clients through WiFi networks. Another interesting feature of this 
meter is that it can transmit recorded events and exceptions as well as alarms, which can help 
recognize spikes and important events in electricity trends. Also, should Ciudad del Saber elect 
to implement renewable energy sources on campus in the future, the OpenWay Riva CENTRON 
(Figure 27) has features such as tracking electricity delivered to monitor renewable sources. 
Overall, implementing a sensor network to monitor electricity use can help isolate areas for 
improvement, which can save the campus on carbon emissions and money (OpenWay Riva, 
2018) 
 
Figure 27: OpenWay Riva CENTRON Meter, 2018 
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Water Sensors  
Ciudad del Saber would also benefit by installing water meters to monitor the amount of 
water being used on campus. Currently, water bills being provided to Ciudad del Saber only 
provide the price, but not the exact amount of water used. Typically, water meters are mainly 
employed by utility companies to track water supplied to consumers. However, CdS can still 
easily utilize a metering system to track campus-wide water use. If Ciudad del Saber installed 
water meters, they can track overall water consumption and identify major sources of water use. 
From there, they can take similar steps to reduce water usage and save money. Many water 
meters can also quickly detect leaks and breaks in water lines, further reducing water waste. 
Water meters have several key similarities and differences to electricity meters. Much 
like electricity meters, water meters are available as smart meters that can both collect and 
transmit data across a network and to computer programs for analysis. They use similar 
transmission strategies such as RF meshes, fiber optic cables, broadband internet, and power line 
carrier methods. Therefore, data collection and analysis can be equally as efficient. 
 However, several key factors make water monitoring slightly different than electricity 
monitoring. Since water meters are rarely in a location conveniently reached by electricity, most 
water meters are powered by high-capacity, long-lasting batteries. Furthermore, since these 
meters are often at risk of being submerged by water, batteries must be sealed water-tight into 
the meter, and are not meant to be replaced. Typically, water meters last for approximately 15 
years, so these batteries are designed to last as long as the lifespan of the meter itself. However, 
constant monitoring systems can put strain on the batteries, reducing the lifespan of the meter to 
around 8 years. This has given rise to two types of water meter networks. Advanced metering 
infrastructure (AMI) networks provide constant two-way monitoring of water delivered and 
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received between utilities and consumers. This is at the cost of decreased lifespan of the sensor 
network. As a result, they are usually adopted by utility companies who are willing to increase 
spending because they need the increased monitoring capabilities an AMI system provides. 
Conversely, AMR (automatic meter reading) networks can only provide one-way monitoring of 
water consumption from the meter to utility company. AMR networks are equally as capable of 
detecting leaks and sounding alarms as AMI systems, but they are incapable of providing two-
way communication between utilities, meter, and consumer. Recently, the market has been 
creating hybrid solutions to these problems. For example, one solution that has arisen has been to 
use an AMI network, but have the meters power up at a scheduled interval, such as one or five 
minutes. This could potentially delay response to leaks by a small margin, but allow for two-way 
communication between utility and consumer, all while increasing battery lifespan (“Smart 
Water Metering”, 2018). An example of a typical water sensor can be found in Figure 28.  
 
Figure 28: Kamstrup Smart Meter, a common smart water meter (Kamstrup, 2018) 
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Since Ciudad del Saber is not a water provider or a small home, water monitoring on 
campus would be a unique situation. A single, small home meter would not suffice for the entire 
campus, but a highly advanced network may prove costly. It is unclear whether an AMI or AMR 
system would be most appropriate, or if CdS would be able to install monitoring networks 
without permission from their water provider. Therefore, our team recommends Ciudad del 
Saber investigate the issue further and perhaps collaborate with municipalities to decide a plan of 
action. 
Renewable Energy 
 Despite a large portion of Ciudad del Saber being powered by hydroelectric power, 
another large proportion of power generation comes from residual oils. Particularly, the residual 
fuels used in Panama are known as No. 6 Oil. These residual oils are left after lighter 
hydrocarbons are distilled away during the oil refining process. As a result, they are dense, 
viscous, and often filled with impurities. Particles such as sulfur, nickel, and other impurities 
raise airborne pollutant levels (PM2.5), and can pose serious health risks to people and the 
environment. Additionally, burning No. 6 Oil is relatively inefficient, as it requires particularly 
high heats, and often does not burn cleanly or completely. Burned residual fuels often carry soot 
into the air, which also pose health risks. Soot can also remain in boilers, acting as an insulator, 
and further reducing their efficiency (“The Problem”, n.d.). 
 To help to alleviate this problem, Ciudad del Saber should consider installing sources of 
renewable energy on campus. Their sustainability indicators have already called for action 
towards switching to renewable energies, so committing to installing renewable energy would 
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help to fulfill one of their major sustainability indicators. Solar energy is likely the most viable 
and beneficial option for Ciudad del Saber. Panama has an overall Global Horizontal Irradiance 
(GHI) of 5.5 KWh per square meter per day, which is quite high. This high GHI shows that large 
amounts of shortwave radiation reach the country’s surface, a key indicator for photovoltaic 
power installation. Panama already has an installed capacity of 143 MW of solar power from 
photovoltaic generation plants, so solar power has already been proven to be effective (“Solar 
Energy Not Being Leveraged”, 2018). Another key factor is that energy needs in Panama peak 
during the dry season. The higher temperatures mean more energy consumption, while the dry 
climate means it is more difficult to generate electricity through hydroelectric power, the most 
common form of electricity generation in Panama (“Panama Capitalizing on Opportunities”, 
2015). This leads to increased energy prices as well as increased reliance on residual oils. 
Therefore, by switching to solar power, Ciudad del Saber can save money while significantly 
reducing carbon emissions.  
 It may be difficult to find an appropriate spot for the installation of solar panels at Ciudad 
del Saber. The large amounts of green spaces, parks, and nature reserves cannot be used, as the 
community and surrounding environment would suffer as a result. One common method would 
be to install solar panels on rooftops. Ciudad del Saber would need to consider which roofs 
would best handle having solar panels, so further research would be necessary. This would be 
especially important as the slant of certain roofs of buildings on campus would make them 
impractical to install panels. Another popular method being undertaken by many campuses is 
using parking lots for solar panels. These panels, known as solar canopies, give campuses several 
benefits over traditional solar panels. By using the space above lots, campuses have been able to 
more efficiently use space. This also ensures open space for solar panels to absorb the maximum 
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amount of energy throughout the day, all while doubling as shelter from the sun and rain for 
commuters who park their cars below. This can be especially convenient in Panama because of 
the extremely heavy rain that occurs often during the wet season. Many of these solar networks 
also incorporate electric car charging stations, further encouraging sustainability energy use 
(Matasci, 2017). With plenty of parking lot space, Ciudad del Saber will be able to enjoy reduced 
carbon emissions, lower energy bills, and better spaces for parking.  
 
Figure 29: Solar Canopies at UMass Amherst, Bednar 2018 
 
 More research and cost analysis would certainly be needed for such an ambitious project, 
but Ciudad del Saber can potentially cut their electricity bill substantially in the long term. It 
would also serve as a prime display of sustainability efforts, thereby increasing publicity and 
awareness of sustainability across the community. 
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Waste Disposal 
 During our team’s tour of campus to collect information on waste disposal, we realized 
several areas for improvement. These areas can help Ciudad del Saber improve sustainability 
efforts as well as streamline data collection and record-keeping in the future.  
 First, our team recommends that Ciudad del Saber investigate recycling habits in areas 
not controlled by the campus, such as the residential and business districts that are rented out to 
other companies. The only means of waste disposal in these areas are canastas outside of each 
building, which are collected by the trash company and sent directly to a landfill. Should 
occupants of these sections wish to recycle, they must bring their recyclables to the recycling 
plant themselves. This could potentially discourage people in these areas from recycling, as 
simply disposing of potentially recyclable materials in canastas is far more convenient. On the 
other hand, the on-campus recycling plant does not make very much money. It would likely be 
impractical to ask that they take extra steps to collect recycling from residential and business 
sections, as this would require more labor and resources than can be afforded. 
 Therefore, it may be required that Ciudad del Saber take a more active role in areas with 
canastas to encourage recycling. Our team recommends taking several steps to encourage 
recycling in residential and commercial areas on campus. First, a survey or study of the area may 
be wise to discover what percentage of residents recycle. This will reveal whether additional 
steps in the area are practical. If they are, our team recommends installing several small hubs to 
dispose of recyclables across each area. Additionally, we recommend distributing information on 
the new hubs to occupants. This will make recycling significantly more convenient for people in 
the area, since they now only have to walk a short distance down the street to a bin rather than 
drive their car to the plant. Much like how Ciudad del Saber employees collect recycling from 
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campus-run spaces, employees would then collect recycling from these hubs and deliver it to the 
recycling plant. However, this may require changes for maintenance teams. More time, 
resources, and employees may be required to collect recyclables for residents. While this may 
require changes or increased costs, it could be a vital first step to fostering a culture of 
sustainability for all members of the community.  
 Our team also recommends that Ciudad del Saber consider alternative methods for their 
overall waste management system. Since their SIMAP data indicates that the majority of their 
carbon emissions come from waste, there is a clear point for improvement. All non-recyclable 
waste that comes from Ciudad del Saber is landfilled without being treated. This waste 
contributes greatly to carbon emissions and overall environmental impact. Untreated waste can 
be toxic to the environment as it sits in landfills. It can leak chemicals, heavy metals, and other 
pollutants into the surrounding soil and water. This can prove dangerous to both the surrounding 
environment and population. Furthermore, untreated waste gives off high amounts of methane as 
it decomposes in landfills. Methane gas has a global warming potential that is 21 times higher 
than that of carbon dioxide. Therefore, even small amounts of methane gas can contribute 
significantly to increases in global warming.  
 Our team does realize there are several challenges facing Ciudad del Saber’s waste 
management system. The management of landfilled waste likely cannot be changed by Ciudad 
del Saber, since the landfill is managed by an outside company. Changes in Panamanian policy 
may be necessary to incite change in the way waste is treated at landfills, which is likely beyond 
the control of Ciudad del Saber. Also, our team is aware of past efforts to implement a 
composting program on campus. While it may have not been successful in the past, carbon 
emissions from waste are so high that it would be wise to consider revisiting it. A composting 
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program would greatly reduce emissions because there would be less organic waste rotting in 
landfills and causing methane emissions. This could be a first step in reducing the high amount 
of emissions from solid waste.  
Carpool Program 
 Our team also recommends the implementation of a carpool program. There are several 
ways to execute a successful carpool program. We recommend starting with information 
gathered from the transportation survey. It is known that carpooling is rare, and perhaps a foreign 
concept to many Panamanians. However, the large proportion of responses indicating an interest 
to share odometer readings indicate an interest in efforts to study employee driving habits. 
 Ciudad del Saber can start with a campaign focused on the reduction of traffic and drive-
times. There are several obvious points near campus where traffic is consistently heavy. CdS can 
point to these points as examples of poor commuting habits. From there, CdS can show how 
carpooling would reduce this traffic substantially, all while saving money and stress from 
driving, as well reducing carbon emissions. This campaign will increase employee interest in 
carpooling and provide a strong starting point for further efforts to implement a program. 
Data from the driving distance question can be a starting point to planning carpool 
groups. Further surveys will be needed to study interest in carpooling further. Ciudad del Saber 
would need to moderate meeting points and times for different commuting groups, as well as 
find out how many employees are available and willing to be drivers in carpools. By partnering 
with surrounding companies, the amount of members of the carpool program will grow, allowing 
for more groups, faster access to carpooling groups, and increased awareness of the program. 
With time, awareness of the carpooling program can be spread through word of mouth rather 
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than just advertising campaigns from Ciudad del Saber. From there, carpooling will be able to be 
spread and grow across the community to propel the campus towards a more efficient future. 
Reflections 
 Our team had a very successful and enjoyable project during the seven weeks in Panama 
as well as during the seven week preparatory period. We were fortunate enough to have our 
sponsor and her team help us every step of the way, and a workplace that welcomed us with open 
arms.  
 If we were to do the project again, there would be a few improvements we would make. 
First, we would have gotten to know the SIMAP software better before we went into the project. 
We expected to only use it for limited portions of the project, but it quickly became a major 
component to our success. We also should have planned how we would have tracked waste data 
sooner, as this could have eliminated a lot of stress and potentially made for a more accurate 
reading. However, our alternative calculations eased some of these worries. Also, we should 
have thought ahead to find a way to provide a hypothetical electricity data reading. Finally, our 
project went off on several tangents, such as investigating carbon sequestered by green space, 
that we later learned would not work. If we were to repeat the project, we would plan our side 
tangents better so we did not waste time. However, these side ventures could be seen as a 
positive, since it gave us an opportunity to explore our potential and try to solve difficult 
problems through creative means.  
 Conversely, there were several portions of the project that worked very well. First, 
having a designated workspace in the Ciudad del Saber offices helped us keep on task and 
focused. It also helped us feel more involved in the office culture. Also, having SIMAP worked 
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very well, since it did many of the calculations for us and allowed us to branch off to create a 
more in-depth carbon emissions baseline.  
Some rather ambitious project that our team attempted did not go as planned. Purchasing 
and installing a sensor network during our time on campus, for example, proved far too 
ambitious. However, this could be turned into a positive because it became a major point in our 
recommendation section and a unique area for Ciudad del Saber to explore in the future.  
Overall, our team learned several lessons throughout the project. First, we quickly 
realized that we needed to be patient during our data collection. We were a small cog in a very 
large and complex business with many departments. Finding and relaying information is 
difficult, especially when employees are already busy doing other work. Likewise, our sponsor, 
Alessa, was very busy with other tasks, meetings, and projects. Therefore, we needed to make 
sure our ideas had strong base to them. Also, while she tried to be as available as she could, we 
quickly realized we needed to be as independent as possible, and would use any extra time we 
had to document our progress in our report. We were able to work on the paper as we completed 
data entry. This allowed us to keep the paper updated, so we were not rushing to cram in details 
at the end or forgetting to add important pieces. 
Overall, the positives of our project far outweighed the negatives. The project went 
relatively smoothly, largely thanks to the help of Alessa Stabile and Lúa Delgado. We addressed 
struggles we had well, and ultimately learned from them in the long term. Our time working with 
Ciudad del Saber and staying in Panama was a truly unique experience we won’t forget. 
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Conclusion 
 Ciudad del Saber is on a fast track to spearheading sustainability efforts in Central 
America. With numerous sustainability policies already in place, the campus is on track to a 
sustainable future. However, numerous challenges lay in the way as the campus continues to 
grow and evolve. Fortunately, Ciudad del Saber can enact change across the campus to alleviate 
these problems, such as emissions monitoring, streamlined waste collection systems, carpooling 
programs, and renewable energy. While the challenges may seem daunting, Ciudad del Saber has 
the knowledge, leadership, and spirit to overcome them. With a strong base to work from and 
plenty of room to improve, Ciudad del Saber has the ability to enact noticeable change across its 
community and, potentially, the world. 
 
  
  
 
 
71 
References  
About Arc. (2018). Retrieved September 11, 2018, from https://www.arcskoru.com/about 
About GRI. (2017). Retrieved September 11, 2018, from      
  https://www.globalreporting.org/information/about-gri/Pages/default.aspx 
Air Quality Policies, Panama, UNEP 2015, 
https://wedocs.unep.org/bitstream/handle/20.500.11822/17079/Panama.pdf?sequence=1
&isAllowed=y 
Autoridad de Aseo Urbano y Domiciliario. (2014). Retrieved September 12, 2018, from  
  https://www.panamatramita.gob.pa/institucion/autoridad-de-aseo-urbano-y-domiciliario 
Bednar, Joseph, A Decade Of Sustainable Practices Pays Off At UMass Amherst, (7 August 
  2018), BusinessWest.com, Retrieved from https://businesswest.com/blog/a-decade-of- 
 sustainable-practices-pays-off-at-umass-amherst/ 
Bühler, P., Schlaich, P., & Sinner, D. (2016). Market survey: The Panamanian waste sector. PDF 
  Bibliothek Der Mediengestaltung, 1-18. doi:10.1007/978-3-662-54615-4_1 
Callery, S., & Shaftel, H. (Eds.). (2018, September 21). Climate change evidence: How do we 
know? Retrieved September 26, 2018, from 
https://climate.nasa.gov/evidence/ 
Campus, 2015, Ciudad del Saber, Retrieved from,       
  https://apps.ciudaddelsaber.org/portal/en/campus 
Campus Calculator Home (2018), University of New Hampshire Sustainability Institute,  
  Retrieved from  https://sustainableunh.unh.edu/calculator 
Carbon Footprint Ltd. (2018). Retrieved from https://www.carbonfootprint.com/recy  
  
 
 
72 
Carr, E. W., & Corbett, J. J. (2015). Ship compliance in emission control areas: Technology 
  costs and policy instruments. Environmental Science & Technology, 49(16), 9584. 
Cidell, J. (2009). A political ecology of the built environment: LEED certification for green 
  buildings. Local Environment, 14(7), 621-633. 
Chong, C. Y., & Kumar, S. P. (2003). Sensor networks: evolution, opportunities, and challenges. 
  Proceedings of the IEEE, 91(8), 1247-1256. 
Clavin, W., Harrington, J., & Vinas Garcia, M. (2013, June 12). Warming ocean causing most 
Antarctic ice shelf mass loss – Climate Change: Vital Signs of the Planet (H. Shaftel & S. 
Callery, Eds.). Retrieved September 26, 2018, from 
https://climate.nasa.gov/news/937/warming-ocean-causing-most-antarctic-ice-shelf-mass-
loss/ 
Cleaves, S. M., Pasinella, B., Andrews, J., & Wake, C. (2009). Climate action planning at the 
  University of New Hampshire. International Journal of Sustainability in Higher  
  Education, 10(3), 250-265. 
Climate Scoreboard. (2018, July 03). Retrieved September 17, 2018, from    
  https://www.climateinteractive.org/programs/scoreboard/  
Climate Watch - PAN Nationally Determined Contribution. (2018). Retrieved September 18, 
  2018, from https://www.climatewatchdata.org/ndcs/country/PAN/  
Cooper, A. (2017, March 25). Recycling in Panama City. Retrieved September 13, 2018, from 
  https://insidepanamarealestate.com/recycling-panama-city/ 
Cooper, W. W., Seiford, L. M., & Zhu, J. (2004). Data envelopment analysis. In Handbook on 
  data envelopment analysis (pp. 1-39). Springer, Boston, MA. 
  
 
 
73 
De Klein, C. A. M., Pinares-Patino, C., & Waghorn, G. C. (2008). Greenhouse gas emissions. 
  Environmental impacts of pasture-based farming’.(Ed. R McDowell) pp, 1-33. 
Dooly, G., Mulrooney, J., Merlone-Borla, E., Flavia, G., Clifford, J., Fitzpatrick, C., & Lewis, E. 
  (2008). In-situ monitoring of carbon dioxide emissions from a diesel automobile using a 
  mid-infrared optical fibre based point sensor. Paper presented at the 1891-1894.  
  doi:10.1109/IMTC.2008.4547355 
Duren, R. M., & Miller, C. E. (2012). Measuring the carbon emissions of megacities. Nature 
  Climate Change, 2(8), 560. 
Earth Science Communications Team at NASA's Jet Propulsion Laboratory. (2018, September 
25). What's in a name? Weather, global warming and climate change (H. Shaftel & S. 
Callery, Eds.). Retrieved September 26, 2018, from 
https://climate.nasa.gov/resources/global-warming/ 
Edwards, G., Cavelier Adarve, I., Bustos, M. C., & Roberts, J. T. (2017). Small group, big 
  impact: how AILAC helped shape the Paris Agreement. Climate Policy, 17(1), 71-85. 
Emissions & Generation Resource Integrated Database (eGRID), Energy and the Environment,  
United States Environmental Protection Agency, 2018, 
https://www.epa.gov/energy/emissions-generation-resource-integrated-database-egrid 
The Foundation, 2015, Cuidad Del Saber, https://apps.ciudaddelsaber.org/portal/en/foundation 
Foreign Trade Div. (2018, May 29). U.S. Imports from Panama by 5-digit End-Use Code  
  2008-2017. Retrieved October 1, 2018, from      
  https://www.census.gov/foreign-trade/statistics/product/enduse/imports/c2250.html   
Global Greenhouse Gas Emissions Data. (2017, April 13). Retrieved from    
  https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data  
  
 
 
74 
Global Warming Potential Values, 2016, Greenhouse Gas Protocol, Retrieved from   
https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-
Values%20%28Feb%2016%202016%29_1.pdf  
Green Building, 2016, EPA.gov, https://archive.epa.gov/greenbuilding/web/html/Green  
  Building Methods, 2016, Green Building Alliance, Retrieved from    
  https://www.go-gba.org/resources/green-building-methods/ 
Intergovernmental Panel on Climate Change. (2015). Climate change 2014: Mitigation of  
  climate change (Vol. 3). Cambridge University Press. 
Introducing the GRI Standards (2016), GRI Standards, Retrieved from  
https://www.globalreporting.org/standards/resource-download-center/introducing-the-gri-
standards-presentation-slides/?g=a4924251-e835-4b94-a396-5888e5405e9e  
Jang, M. G. (2009). U.S. Patent No. 7,518,669. Washington, DC: U.S. Patent and Trademark 
  Office. 
Jelley, N.carbon footprint. In A Dictionary of Energy Science. : Oxford University Press.  
  Retrieved 25 Mar. 2018, from http://www.oxfordreference.com.ezproxy.wpi.edu/view/ 
10.1093/acref/9780191826276.001.0001/acref-9780191826276-e-98. 
Kamstrup introduces first ever smart water meter with Sigfox communication, (2018). the Source  
Magazine, Retrieved from https://www.thesourcemagazine.org/kamstrup-introduces-first-
ever-smart-water-meter-sigfox-communication/  
Kim, J. J., Smorodinsky, S., Lipsett, M., Singer, B. C., Hodgson, A. T., & Ostro, B. (2004). 
  Traffic-related Air Pollution near Busy Roads. American Journal of Respiratory and 
  Critical Care Medicine,170(5), 520-526. doi:10.1164/rccm.200403-281oc  
  
 
 
75 
Lacis, Andrew A. (2017). Greenhouse effect. In AccessScience. McGraw-Hill Education.  
  https://doi-org.ezproxy.wpi.edu/10.1036/1097-8542.299800 
LEED for Cities | USGBC. (2018). Retrieved September 11, 2018, from    
  https://new.usgbc.org/leed-for-cities 
Linowes, R., & Brown Hupert, M. (2006). The tropical waste dilemma: waste management in 
  Panama. International Journal of Emerging Markets, 1(3), 225-234. 
Lopez, A. (2010). The Lucrative Business of Digging in the Garbage. Retrieved September 13, 
  2018, fromhttp://ediciones.martesfinanciero.com/history/2010/10/05/informe_central.asp 
McCormick, J., & El-Chibini, S. (2017, December 04). How Costa Recicla and SeaLand Boosted
  Recycling in Panama: A Case Stu. Retrieved September 13, 2018, from   
  https://www.thecollaborationvector.com/single-post/2017/06/09/How-Costa-Recicla- 
 and-SeaLand-Boosted-Recycling-in-Panama-A-Case-Study-of-Business-   
  Social-Environmental-Impact 
Mielnik, O., & Goldemberg, J. (1999). Communication The evolution of the “carbonization 
  index” in developing countries. Energy Policy, 27(5), 307-308. 
Moerenhout, Joris, Market Survey: The Panamanian Waste Sector (2016), The Embassy of the  
Kingdom of the Netherlands in Panama, Retrieved September 12, 2018 from 
https://www.rvo.nl/sites/default/files/2016/03/Market%20survey%20-
%20Panamanian%20Waste%20Sector.pdf  
National Oceanic and Atmospheric Administration U.S. Department of Commerce - PMEL 
  Carbon Program. (n.d.). Ocean Acidification. Retrieved September 26, 2018, from 
  https://www.pmel.noaa.gov/co2/story/Ocean Acidification 
National Oceanic and Atmospheric Administration U.S. Department of Commerce - PMEL 
  
 
 
76 
  Carbon Program. (n.d.). A primer on pH. Retrieved September 26, 2018, from  
  https://www.pmel.noaa.gov/co2/story/A primer on pH 
National Oceanic and Atmospheric Administration U.S. Department of Commerce - PME L 
  Carbon Program. (n.d.). What is Ocean Acidification? Retrieved September 26, 2018, 
  from https://www.pmel.noaa.gov/co2/story/What is Ocean Acidification? 
National Plan for Comprehensive Waste Management for Panama. (2018). Retrieved September 
  12, 2018, from https://www.ineco.com/webineco/en/country/ panama-0/national-plan-  
 comprehensive-waste-management-panama 
Noticias 2018. (2018, August 29). Retrieved September 12, 2018, from http://www.aaud.gob.pa/ 
Nurse, L. A., Sem, G., Hay, J. E., Suarez, A. G., Wong, P. P., Briguglio, L., & Ragoonaden, S. 
  (2001). Small island states. Climate change, 843-875. 
Openway Riva CENTRON Meter, 2018, Intron, Retrieved from  
https://www.itron.com/na/technology/product-services-catalog/products/8/f/2/openway-
riva-centron-meter  
Padgett, J. P., Steinemann, A. C., Clarke, J. H., & Vandenbergh, M. P. (2008). A comparison of 
  carbon calculators. Environmental impact assessment review, 28(2-3), 106-115. 
Panama. (2016). Contribución Nacional mente Determinada a la M itigación del Cambio  
  Climático (NDC) de la Republica Panamá ante la Convención Marco de Naciones 
  Unidas sobre Cambio Climático (CMNUCC)(pp. 1-30). 
Panama capitalising on opportunities in solar and wind, 2015, The Report: Panama 2015, Oxford  
Business Group, Retrieved from https://oxfordbusinessgroup.com/analysis/bright-future-
capitalising-opportunities-solar-and-wind   
  
 
 
77 
Pandey, D., Agrawal, M., & Pandey, J. S. (2011). Carbon footprint: current methods of  
  estimation. Environmental monitoring and assessment, 178(1-4), 135-160. 
Park, C., & Allaby, M.renewable energy. In A Dictionary of Environment and Conservation.: 
  Oxford University Press. Retrieved 9 Apr. 2018, from     
  http://www.oxfordreference.com.ezproxy.wpi.edu/view/10.1093/acref/   
  9780191826320.001.0001/acref-9780191826320-e-6826.  
Pearce, Annie R. “Sustainable Buildings and Infrastructure: Paths to the Future”, 2017,  
Hanniglobal Co. Ltd.  
https://books.google.com/books?id=ttZCDwAAQBAJ&pg=PT139&lpg=PT139&dq=sust
ainability+city+of+knowledge+panama&source=bl&ots=cOkQV0k50B&sig=hTFSzoEC
OB-bLT8p9pGiqCb4EiA&hl=en&sa=X&ved=0ahUKEwjeus-
kwYjaAhXO61MKHVnYDQAQ6AEIfDAN#v=onepage&q=panama&f=false 
Pelletier, J., Ramankutty, N., & Potvin, C. (2011). Diagnosing the uncertainty and detectability 
  of emission reductions for REDD+ under current capabilities: an example for Panama. 
  Environmental Research Letters, 6(2), 024005. 
Perry, S., Klemeš, J., & Bulatov, I. (2008). Integrating waste and renewable energy to reduce the 
 carbon footprint of locally integrated energy sectors. Energy, 33(10), 1489-1497. 
PLAN NACIONAL DE GESTIÓN INTEGRAL DE RESIDUOS 2017-2027 (2017), Table 12, 
  pp 36, Authoridad de Aseo, ineco, Retrieved from      
  http://aaud.gob.pa/plangestion/Docs/ANEXOS/20170731_E%201.3.2.3.5  
Estimaci%C3%B3n%20Generaci%C3%B3n_v3.pdf 
The Problem, n.d., NYC Clean Heat, retrieved from       
  https://www.nyccleanheat.org/content/problem  
  
 
 
78 
Regulations for Greenhouse Gas Emissions from Passenger Cars and Trucks. (2016, November 
  17). Retrieved from https://www.epa.gov/regulations-emissions-vehicles-and- 
 engines/regulations-greenhouse-gas-emissions-passenger-cars-and 
Riddell, W., Bhatia, K. K., Parisi, M., Foote, J., & Imperatore, J. (2009). Assessing carbon 
  dioxide emissions from energy use at a university. International Journal of  
  Sustainability in Higher  Education, 10(3), 266-278. doi:10.1108/14676370910972576 
Ríos, V. C., H., Garcés, K., Fermín, E. M., Vargas, C. A., Jaramillo, O. A., Loo, M. V.  
  (Photograph). (2015,October 26). Consultorías de $4.5 millones. Retrieved from  
 https://www.prensa.com/sociedad/Consultorias-millones_0_4331566927.html 
Rising Waters | Climate Creatives. (2018). Retrieved September 17, 2018, from   
  http://energynecklace.com/rising-waters/ 
Rogelj, J., Den Elzen, M., Höhne, N., Fransen, T., Fekete, H., Winkler, H., ... & Meinshausen, 
 M. (2016). Paris Agreement climate proposals need a boost to keep warming well below 
  2 C. Nature, 534(7609), 631. 
Russomanno, D. J., Kothari, C. R., & Thomas, O. A. (2005, June). Building a Sensor Ontology: 
  A Practical Approach Leveraging ISO and OGC Models. In IC-AI (pp. 637-643). 
SIMAP Home, (2018), UNH SIMAP, UNH Sustainability Institute, https://unhsimap.org/home 
Shaftel, H. (Ed.). (2018, September 17). Climate change causes: A blanket around the Earth. 
  Retrieved September 18, 2018, from https://climate.nasa.gov/causes/  
Smart Water Metering Networks an Intelligent Investment?, 2018, Water and Wastewater  
  
 
 
79 
International, Waterworld, Retrieved from 
https://www.waterworld.com/articles/wwi/print/volume-26/issue-5/regulars/creative-
finance/smart-water-metering-networks-an-intelligent-investment.html  
Solar energy. (2018). In Encyclopædia Britannica. Retrieved from  
https://academic-eb-com.ezproxy.wpi.edu/levels/collegiate/article/solar-energy/68559 
Solar energy not being leveraged, (2018, August 1). CentralAmericaData.com, Retrieved from  
https://www.centralamericadata.com/en/article/home/Solar_Energy_Not_Being_Leverag
ed  
Sources of Greenhouse Gas Emissions. (2017, April 14). Retrieved from  
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions  
Sousa, C., & Susana, M. (2011). Projected Impacts of Sea Level Rise on Digir Island Kuna Yala 
  Comarca-San Blas Archipelago-Panama. 
Sustainability. (n.d.). Retrieved from         
  https://apps.ciudaddelsaber.org/portal/en/foundation/sustainable-city 
Spaces and Training, Vice President of Innovation, Ciudad del Saber, 2018,  
https://apps.ciudaddelsaber.org/portal/es/foundation/vice-presidency-innovation-center 
Strauss, B., & Kulp, S. (n.d.). Mapping Choices: Which sea level will we lock in? Retrieved 
  September 17, 2018, from https://choices.climatecentral.org/#6/40.246/- 
 72.367?compare=temperatures&carbon-end-yr=2050&scenario-a=historic&scenario- 
 b=warming-2 
  
 
 
80 
Tan, Q. L., Zhang, X. P., & Wei, Y. M. (2013). Exploring the changes of carbon emissions 
   performance using data envelopment analysis. Applied Mechanics and Materials, 
   291-294, 1433.         
  doi:http://dx.doi.org.ezproxy.wpi.edu/10.4028/www.scientific.net/AMM.291- 
  294.1433 
Understanding Global Warming Potentials, (2017, February 14). United States Environmental 
  Protection Agency. . Retrieved from https://www.epa.gov/ghgemissions/understanding-
 global-warming-potentials  
United Nations Framework Convention on Climate Change. (n.d.). Nationally Determined 
  Contributions (NDCs). Retrieved September 18, 2018, from    
  https://unfccc.int/process/the-paris-agreement/nationally-determined -contributions/ 
  ndc-registry 
US EPA, O. A. (2016). Global Greenhouse Gas Emissions Data. Retrieved from    
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data 
Waste Materials- Density Data, 2018, Environmental Protection Authority Victoria, Retrieved 
9/13/18 from https://www.epa.vic.gov.au/business-and-industry/lower-your-
impact/~/media/Files/bus/EREP/docs/wastematerials-densities-data.pdf 
 
 
 
 
 
 
  
 
 
81 
Appendix  
Appendix A: Ciudad del Saber Sustainability Indicator Chart 
Pillar FCdS Area of Work 
Indicator 
FCdS 
Goals FCdS Strategies Responsible 
Governance Transparency 
Percentage of 
employees who 
know about the 
sustainability 
strategy and 
sustainability 
policies, 
compared to 
the total 
number of 
employees 
100% of 
employees know 
about the 
sustainability 
strategy and 
policies 
Development of the 
Sustainable Strategy 
of FCdS 
Development of the 
Sustainable Policy of 
FCdS 
Alessa Stabile 
Percentage of 
the strategic 
stakeholders 
that know about 
the 
sustainability 
report, 
compared to 
the total 
number of 
strategic 
stakeholders 
100% of the 
strategic 
stakeholders know 
about the 
sustainability report 
Implementation of the 
communication plan of 
the sustainability plan 
Mapping of strategic 
allies 
VPE / DAU 
 
Number of 
people visiting 
the 
sustainability 
landing page 
on the CdS 
website 
X visits to the 
sustainability 
landing page on 
the CdS website 
Development of a 
space on the website 
to report on issues 
related to 
sustainability 
VPC / DAU 
Environmental 
Impact 
Responsible 
Waste 
Management 
Percentage of 
waste sent to 
municipal 
landfill (Cerro 
Patacón) 
compared to 
the 
 total amount of 
Reduction of an 
annual X% of the 
waste sent to 
Cerro Patacón 
Strengthen the waste 
management plan 
focused on the 
reduction and correct 
disposal 
VPO / DAU 
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waste 
generated 
Number of 
strategic 
alliances and 
partnerships 
made in the 
year, related to 
the integrated 
waste 
management 
program. 
At least 5 strategic 
alliances and/or 
partnership made 
in the year. 
Meetings, training and 
communication with 
public and private 
institutions 
Create a database of 
users / members of 
the Recycling Center 
VPC / VPN / DAU 
Number of 
employees 
trained on the 
integrated 
waste 
management 
program, 
compared to 
the total 
number of 
employees 
100% of the 
employees trained 
on the integrates 
waste 
management 
program through 
december 2018 
Training, internal 
communication 
Induction to new staff 
DAU / DO 
Tons of 
cardboard and 
paper recycled 
per year 
Create baseline 
per building to be 
able to establish % 
reduction and 
recycling by item 
(in the future) 
Measurement of 
recycled waste in 
each FCdS building 
and in the recycling 
center 
DAU 
Tons of 
packaging 
(plastic, glass 
and aluminum) 
recycled per 
year 
Create baseline 
per building to be 
able to establish % 
reduction and 
recycling by item 
(in the future) 
Measurement of 
recycled waste in 
each FCdS building 
and in the recycling 
center 
DAU 
Environmental 
Impact 
Generation of 
renewable 
energy 
Percentage of 
the annual 
renewable 
electrical 
energy 
consumed in 
the FCdS 
facilities, 
compared to 
the total energy 
X% of energy 
consumed must be 
from renewable 
sources 
Installation of 
photovoltaic and solar 
panels on the facilities 
of FCdS 
VPO 
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consumption 
(KWhp / KWhc) 
Energy 
consumption 
reduction 
Percentage of 
energy 
consumption in 
relation to the 
previous year 
KWhc/m2*day 
X% of reduction of 
energy 
consumption in 
relation to the 
previous year 
Development of a 
comprehensive plan 
for the efficient use of 
energy 
VPAF / VPO / 
DAU 
Percentage of 
savings on the 
electricity bill 
X% of savings on 
the electricity bill in 
relation to the 
previous year 
Development of a 
comprehensive plan 
for the efficient use of 
energy 
VPAF / VPO / 
DAU 
Number of 
employees 
trained on the 
energy 
efficiency plan, 
based on the 
total number of 
employees 
100% of 
employees trained 
on the energy 
efficiency plan 
 
Training the 
employees on the plan 
DAU / VPO / DO 
Water 
consumption 
reduction 
Liters of water 
consumed per 
building 
100% of the 
buildings have a 
water consumption 
measurement 
Installation of water 
meters in each 
building 
VPAF / VPO 
Percentage of 
water 
consumption 
compared to 
the previous 
year - m3 / 
m2*day 
X% of reduction of 
water consumption 
in relation to the 
previous year 
Educational 
campaigns 
Replacement program 
for high consumption 
devices 
Sustainable 
Construction Standard 
VPAF / VPO 
Reduction and 
compensation 
of C02 
emissions 
Tons of CO2 
emissions 
generated by 
fossil fuel 
sources 
reduced 
compared to 
the previous 
year 
X% of reduction of 
emissions 
generated by fossil 
sources in relation 
to the previous 
year 
Educational 
campaigns on climate 
change 
Educational 
campaigns on 
methods of reducing 
emissions 
Implement sustainable 
mobility plan for 
collaborators 
VPO / DAU 
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Number of 
native trees 
planted in a 
year 
50 trees of native 
species planted 
Coordinate sowing 
and care of seedlings 
with the collaborators 
of FCdS 
VPO / DAU 
Air Quality 
Establish a 
baseline of 
outdoor Air 
Quality and 
compare to 
benchmarks for 
areas with 
similar 
conditions 
Establish baseline 
of outdoor air 
quality for the 
campus 
Identify air quality 
indicators 
Take measurements 
for baseline 
establishment 
VPO 
Establish a 
baseline of 
indoor Air 
Quality and 
compare to 
benchmarks for 
areas with 
similar 
conditions 
Establish baseline 
of indoor air quality 
for the campus 
Identify air quality 
indicators 
Take measurements 
for baseline 
establishment 
VPO 
Environmental 
Impact 
Responsible 
Purchases 
Implementation 
of the 
Responsible 
Purchasing 
Policy 
Policy approved 
and adopted by the 
corresponding 
areas 
Develop and 
implement responsible 
purchasing policy 
Train purchasing 
managers 
VPAF / DAU 
Percentage of 
purchases 
made taking 
into account 
environmental 
impact criteria 
50% of purchases 
made taking into 
account 
environmental 
impact criteria 
Develop and 
implement responsible 
purchasing policy 
Train purchasing 
managers 
VPAF / VPO / 
DAU 
Reduction on 
the impact on 
biodiversity 
Number of 
projects 
developed per 
year to 
preserve and 
restore 
biodiversity 
Minimum of 2 
projects developed 
to preserve and 
restore biodiversity 
Define projects that 
support the 
development of 
biodiversity 
DAU 
Community 
Forums and 
Workshops 
Percentage of 
participation in 
the workshops, 
conferences 
and courses, 
compared to 
X% participation in 
workshops, 
conferences and 
courses, compared 
to the goal set in 
the annual plan 
Definition of an annual 
plan of forums and 
workshops 
Management of 
alliances to guarantee 
the best experts in 
VPC / DAU / VPI 
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the goal set in 
the annual plan 
workshops and forums 
Percentage of 
attendees who 
implement the 
knowledge / 
best practices 
taught 
X% of attendees 
implemented the 
knowledge / best 
practices taught 
 VPC / DAU / VPI 
Percentage of 
the workshops, 
conferences 
and courses 
executed, 
compared to 
the goal set in 
the annual plan 
X% of the 
workshops, 
conferences and 
courses were 
executed, 
compared to the 
goal set in the 
annual plan 
 VPC / DAU / VPI 
Percentage of 
the topics 
covered in 
comparison to 
those that were 
identified as 
priorities. 
X% topics covered 
in comparison to 
those that were 
identified as 
priorities. 
 VPC / DAU / VPI 
Management of 
social impacts 
of the activities 
of the City of 
Knowledge (or 
its value chain) 
Number of 
suppliers 
trained in 
Human Rights, 
on the total 
number of 
suppliers 
Number of 
purchases 
made taking 
into account 
social criteria, 
on the total of 
purchases 
made 
Number of 
suppliers 
audited in 
Human Rights, 
on the total 
number of 
suppliers 
X% Number of 
suppliers trained in 
Human Rights 
X% of purchases 
made taking into 
account social 
criteria 
X% of suppliers 
audited in Human 
Rights 
Create supplier policy 
focused on 
compliance with 
human rights 
Train suppliers in the 
prevention of impacts 
and respect for human 
rights 
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Community 
participation 
plan 
Percentage of 
community 
projects 
implemented 
compared to 
the total 
number of 
projects 
proposed. 
2018 community 
participation plan 
activity within the 
year 
Develop a community 
participation plan 
VPC 
Number of 
people 
participating in 
the community 
projects 
50% of community 
leaders that were 
previously 
identified, involved 
in the community 
projects 
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Appendix B: NDC Summary on Mitigation of Climate Change of 
the Republic of Panama and Sustainability Development Goals 
From “Climate Watch - PAN Nationally Determined Contribution”, 2017 
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Appendix C: Complete Electricity Generation Breakdown Matrix 
 
It should be noted that despite Petroleum Derivatives being 74.6% of energy supplied in Panama, 
only 13.9% is used for electricity generation. Most of these petroleum derivatives, known as 
bunker, are used to power ships going through the Panama Canal. 
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Appendix D: Calculation Breakdown for Thermoelectric portion of 
Electricity Generation 
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Appendix E: Transportation Survey 
We are a group of students from Worcester Polytechnic Institute (WPI), in Worcester, 
Massachusetts. We are conducting a project on the Ciudad del Saber campus to monitor the 
carbon emissions from buildings and transportation. We are aiming to create a carbon baseline of 
the emissions on campus that are produced, one of these sources include the transportation of 
employees to and from campus. Please take a few minutes to fill out the following survey to help 
us accurately identify the extent of emissions from campus transportation. Thank you for your 
participation.  
1. How do you travel to and from work? 
a. Personal Car 
b. Bus 
c. Bike 
d. Walk 
e. Other 
2. How long, in kilometers, is you trip to work every day? 
a. 0-5 Kilometers 
b. 5-10 Kilometers 
c. 10-15 Kilometers 
d. 15-20 Kilometers 
e. Other 
 
3. Do you commute to work with coworkers? 
a. Yes 
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b. No 
4. If you answered yes to the last question, how many people do you commute with? 
5. How often do you use the bus service provided by Ciudad del Saber? 
a. Daily 
b. Several times a week 
c. Once a week 
d. Once a month 
e. Rarely or never 
6. Would you be willing to record and provide odometer readings for more precise 
measurements of employee driving habits? 
a. Yes 
b. No 
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Appendix F: Transportation Survey Spanish Translation 
1. ¿Cómo te trasladas normalmente hacia el trabajo? 
a. Auto propio 
b. Autobus y/o metro 
c. Bicicleta 
d. Caminando 
e. Otro 
2. ¿Cuántos Kilómetros recorres en tu camino de casa al trabajo cada día? 
a. 0-5 Kilómetros 
b. 5-10 Kilómetros 
c. 10-15 Kilómetros 
d. 15-20 Kilómetros 
e. Otro 
3. ¿Viajas con alguien del trabajo hacia la oficina? 
a. Sí 
b. No 
4. Si respondiste que si ¿con cuánta gente del trabajo viajas? 
5. ¿Qué tan seguido utilizas el servicio de buses internos de la Ciudad del Saber 
a. Diariamente 
b. Varias veces a la semana 
c. Una vez a la semana 
d. Mensualmente 
e. Muy poco o nunca 
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6. ¿Estarías dispuesto/a a registrar y proporcionar lecturas de distancias recorridas para 
mediciones más precisas de los hábitos de conducción de los empleados? 
a. Sí 
b. No 
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Appendix G: Waste Disposal Field Study Table 
Container 
Width 
(cm) 
Depth 
(cm) 
Height 
1 (cm) 
Height 2 
(cm) 
Volume 
cm^3 
Total 
Number 
Total 
Volume 
(m^3) 
Type 
Density 
(kg/m^3) 
Weight 
(kg) 
Yearly (kg) 
Green 
Residence 
Cans 
81 60 50 
 243000 95 23.085 Residential 
160 3,693.60 288,100.80 
Dorm 
Dumpster 
80 103 70 
 576800 1 0.5768 Residential 
160 92.29 17,304.00 
Blue 
Dumpster 
with side 
chute 
184 168 160 
 4526400 10 45.264 Commercial 
120 5,431.68 1,018,440 
Blue 
Dumpster 
no side 
shute 
181 168 150 
 4561200 3 13.6836 Commercial 
120 1,642.03 307,881.00 
Blue Area 
Business 
Cans 
122 122 54 
 803736 60 48.22416 Commercial 
120 5,786.90 1,085,043.6 
Blue 
Dumpster 
166 183 172 
 5225016 1 5.225016 Institutional 
120 627.00 117,562.86 
Box Trash 
Containers 
61.5 65 92.5 
 369768.75 56 20.70705 Residential 
160 3,313.13 258,423.98 
Convention 
Center 
Dumpster 
170 202 170 116 
4910620 1 4.91062 Institutional 
120 589.27 110,488.95 
Small Blue 
Dumpster 
162 100 85 40 
1012500 4 4.05 Institutional 
120 486.00 91,125.00 
Plaza 
Compactor 
    
 1 11.4683 Commercial 
120 1,376.2 71,562.00 
     
    
  
3,365,932.1
9 
 
        
Total 
Tons 
21.66 3294.37 
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Appendix H: Educational TV Displays  
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Appendix I: SIMAP Commuting Survey Results  
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Appendix J: SIMAP Travel Information 2017 & 2018  
CIUDAD DEL SABER FOUNDATION 
2017 BUDGET EXECUTION OF TRAVEL EXPENSES 
Traveler  Destination Assumed Airport Distance (km) 
Viaje 1 Florida Orlando International 2122.27 
Viaje 2 Washington Washington Dulles International 3230.46 
Trip 3 Washington Washington Dulles International 3230.46 
Viaje 4 Los Angeles Los Angeles International 4805.63 
Viaje 5 Los Angeles Los Angeles International 4805.63 
Viaje 6 Francia Charles de Gaulle (Paris) 8666.32 
Viaje 7 Bolivia Viru Viru International 3398.39 
Viaje 8 Bolivia Viru Viru International 3398.39 
Viaje 9 Bolivia Viru Viru International 3398.39 
Viaje 10 New York John F. Kennedy 3491.6 
Viaje 11 Turquia Istanbul Ataturk Airport 10874.99 
Viaje 12 España Barcelona–El Prat Airport 8638.82 
Viaje 13 New York John F. Kennedy 3491.6 
Viaje 14 Turquia Istanbul Ataturk Airport 10874.99 
Viaje 15 Aruba Queen Beatrix International 1077.79 
Viaje 16 New York John F. Kennedy 3491.6 
Viaje 17 Colombia El Dorado International 802.74 
Viaje 18 New Orleans Louis Armstrong New Orleans 2496.74 
Viaje 19 Bolivia Viru Viru International 3398.39 
Viaje 20 Bolivia Viru Viru International 3398.39 
Viaje 21 España Barcelona–El Prat Airport 8638.82 
Viaje 22 Las Vegas McCarran International 4697.11 
Viaje 23 Bolivia Viru Viru International 3398.39 
Viaje 24 Bogota El Dorado International 802.74 
Viaje 25 Bolivia Viru Viru International 3398.39 
Viaje 26 Montreal Montréal–Pierre Elliott Trudeau 4039.54 
Viaje 27 Guatemala La Aurora International 1334.68 
Viaje 28 New Orleans Louis Armstrong New Orleans  2496.74 
Viaje 29 Francia Charles de Gaulle (Paris) 8666.32 
Viaje 30 Bolivia Viru Viru International 3398.39 
Viaje 31 New York John F. Kennedy 3491.6 
Viaje 32 Florida Orlando International 2122.27 
Viaje 33 Chile Comodoro Arturo Merino Benítez  4758.06 
Viaje 34 Mexico Mexico City International 2393.89 
Viaje 35 Barcelona Barcelona–El Prat Airport 8638.82 
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Viaje 36 Bogota El Dorado International 802.74 
Viaje 37 Washington Washington Dulles International 3230.46 
Viaje 38 Bolivia Viru Viru International 3398.39 
Viaje 39 Bolivia Viru Viru International 3398.39 
Viaje 40 Los Angeles Los Angeles International 4805.63 
Viaje 41 Los Angeles Los Angeles International 4805.63 
Viaje 42 Los Angeles Los Angeles International 4805.63 
Viaje 43 Turquia Istanbul Ataturk Airport 10874.99 
Viaje 44 Bolivia Viru Viru International 3398.39 
Viaje 45 Bolivia Viru Viru International 3398.39 
Viaje 46 Corea Incheon International 14249.92 
Viaje 47 Alabama Birmingham–Shuttlesworth 2773.83 
Viaje 48 Miami Miami International 1781.67 
Viaje 49 Houston George Bush Intercontinental 2777.9 
Viaje 50 Brasil Guarulhos International Airport 5048.62 
Viaje 51 Malaysia Kuala Lumpur International 18785.96 
Viaje 52 España Barcelona–El Prat Airport 8638.82 
Viaje 53 Monterrey Monterrey International 2823.98 
Viaje 54 Lima Jorge Chávez International 2349.3 
Viaje 55 Mexico Mexico City International 2393.89 
Viaje 56 Bolivia Viru Viru International 3398.39 
Viaje 57 Chile Comodoro Arturo Merino Benítez  4758.06 
Viaje 58 Bogota El Dorado International 802.74 
Viaje 59 Brasil Guarulhos International Airport 5048.62 
Viaje 60 Montreal Montréal–Pierre Elliott Trudeau 4151.68 
Viaje 61 Boston Logan International 3871.98 
Viaje 62 Boston Logan International 3871.98 
Viaje 63 Boston Logan International 3871.98 
Viaje 64 Kuala Lumpur Kuala Lumpur International 18784.64 
Viaje 65 Costa Rica Juan Santamaría International 514.82 
Viaje 66 Costa Rica Juan Santamaría International 514.82 
Viaje 67 Costa Rica Juan Santamaría International 514.82 
Viaje 68 Corea Incheon International 14249.92 
Viaje 69 Argentina Ministro Pistarini International 5167.59 
Viaje 70 New Orleans Louis Armstrong New Orleans  2591.41 
Viaje 71 San Francisco SF International 5388.85 
Viaje 72 Las Vegas McCarran International 4697.11 
Viaje 73 Las Vegas McCarran International 4697.11 
Viaje 74 Madrid Adolfo Suárez Madrid–Barajas 8230.4 
    TOTAL 351038.8 
    TOTAL (Round Trip) 702077.6 
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CIUDAD DEL SABER FOUNDATION 
2018 BUDGET EXECUTION OF TRAVEL EXPENSES 
Traveler Destination Assumed Airport Distance (km) 
Viaje 1 Francia Charles de Gaulle (Paris) 8666.32 
Viaje 2 Philadelphia Philadelphia International 3361.34 
Viaje 3 Philadelphia Philadelphia International 3361.34 
Viaje 4 Bolivia Viru Viru International 3398.39 
Viaje 5 Philadelphia Philadelphia International 8638.82 
Viaje 6 Cuba José Martí International 1481.19 
Viaje 7 Roma Rome Leonardo da Vinci-Fiumicino 9488.5 
Viaje 8 U.S.A.   
Viaje 9 Liberia Daniel Oduber Quirós International 684.29 
Viaje 10 Brasil Guarulhos International Airport 5048.62 
Viaje 11 Medellin Jose Maria Cordova International 549.36 
Viaje 12 Bogota El Dorado International 802.74 
Viaje 13 Chile Comodoro Arturo Merino Benítez  4758.06 
Viaje 14 España Madrid Barajas Airport 8230.4 
Viaje 15 New York John F. Kennedy 3491.6 
Viaje 16 New York John F. Kennedy 3491.6 
Viaje 17 Madrid Madrid Barajas Airport 8230.4 
Viaje 18 New York John F. Kennedy 3491.6 
Viaje 19 Austin Austin-Bergstrom International 3010.49 
Viaje 20 Barcelona Barcelona-El Prat Airport 8638.82 
Viaje 21 Chicago O'Hare International 3655.94 
Viaje 22 Bolivia Viru Viru International 3398.39 
Viaje 23 Bolivia Viru Viru International 3398.39 
Viaje 24 Bolivia Viru Viru International 3398.39 
Viaje 25 México Mexico City International 2392.89 
Viaje 26 Michigan Detroit Metropolitan 3796.47 
Viaje 27 Detroit Detroit Metropolitan 3796.47 
Viaje 28 Bogota El Dorado International 802.74 
Viaje 29 New York John F. Kennedy 3491.6 
Viaje 30 Francia Charles de Gaulle (Paris) 8666.32 
Viaje 31 New York John F. Kennedy 3491.6 
Viaje 32 Madrid Madrid Barajas 8230.4 
Viaje 33 Bilbao Bilbao Airport 8228.62 
Viaje 34 California Los Angeles International 4805.63 
Viaje 35 Orlando Orlando International 2122.27 
Viaje 36 Orlando Orlando International 2122.27 
Viaje 37 Philadelphia Philadelphia International 8638.82 
Viaje 38 Philadelphia Philadelphia International 8638.82 
Viaje 39 Korea Incheon International 14234.57 
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Viaje 40 Brasil Guarulhos International Airport 5048.62 
Viaje 41 San Francisco SF International 5388.85 
Viaje 42 Toronto Toronto Pearson International 3891.85 
Viaje 43 San Jose San Jose International (California) 5284.06 
Viaje 44 Bogota El Dorado International 802.74 
Viaje 45 Maryland Baltimore/Washington International  3346.84 
Viaje 46 Medellin Jose Maria Cordova International 549.36 
Viaje 47 California Los Angeles International 4805.63 
Viaje 48 Chile Comodoro Arturo Merino Benítez  4758.06 
Viaje 49 Medellin Jose Maria Cordova International 549.36 
Viaje 50 Medellin Jose Maria Cordova International 549.36 
Viaje 51 Rep. Dominicana Punta Cana International 1637.68 
Viaje 52 Miami Miami International 1781.67 
Viaje 53 San Francisco SF International 5388.85 
Viaje 54 San Francisco SF International 5388.85 
Viaje 55 Bolivia Viru Viru International 3398.39 
Viaje 56 Vancouver Vancouver International 6,100.71 
Viaje 57 Kuala lumpur Kuala Lumpur International 18784.64 
Viaje 58 Mexico Mexico City International 2393.89 
Viaje 59 Chicago O'Hare International 3655.94 
Viaje 60 Chicago O'Hare International 3655.94 
Viaje 61 New Orleans Louis Armstrong New Orleans  2591.41 
Viaje 62 New York John F. Kennedy 3491.6 
Viaje 63 California Los Angeles International 4805.63 
Viaje 64 Colombia El Dorado International 802.74 
Viaje 65 Berlin Berlin Schönefeld Airport 9416.92 
Viaje 66 Philadelphia Philadelphia international 8638.82 
Viaje 67 California Los Angeles International 4805.63 
    TOTAL 307848.52 
    TOTAL (Round Trip) 615697.04 
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Appendix K: 2017 Carbon Emissions Report Excluding Full 
Campus Waste 
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Appendix L: 2018 Carbon Emissions Report Excluding Full 
Campus Waste 
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Appendix M: 2017 Carbon Emissions Report Including Full 
Campus Waste 
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Appendix N: 2018 Carbon Emissions Report Including Full 
Campus Waste 
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Appendix O: Map of Ciudad del Saber 
 
 
 
 
